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I

GROUND ANTENNA PARAMETERS

EFFECTING _ RAN_

CF A

SPACE COMMUNICATION SYSTEM

SUMMARY

_e available optimum range of a space to ground conmm_ca_on system
is analized from the staudpoint of the ground antenna. _e range or
signal to noise ratio of a systme is influenced by the aperture effic-
iency and noise temperature of the antenna. Simnltaneous with the

increase of _e aper_re efficiency, the noise temperature can be
decreased by _he application of a special feed pattern, f (_). It is
shown _hat the ideal feed pattern f (_) is a "square wave" as a function

of _ j being unity up to the _ Eperture angle of the secondary reflector

(paraboloid) and is zero for _o_ _ ___.

The ideal feed pattern can be very well appruximated to Cassagrain _ype

primary reflector if the aperture size of the secondary reflector is large.

Several desi__ curves are prepared which provide a means of determining

the basic dimensions of an "optimum" antenna.



2

io INTRODUCTION

The opt:l_ selection of the systoa parameters of a deep space

co_at_on system is ex_e_r _tant because of the 3ar_

costs involved and the difflculty in chanEfng a fixed system

parameter. In the present discussion, the characteristics of

the ground antenna will be analyzed from the standpoint of

amximum range.

It had been assm_d in the past, that the ._,m range of an

antenna is determined by its gain. The gain is limited by the

I)
aperture distribution (reflector) accuracy. However 9 with

the advent of extremely low noise receivers (_asers) 2,3) 9 it

has becume evident that the range of a space comnnnica_on system

might be limited by the ant_ma noise rather than by the accuracy

of the aperture distribution.

In the following study, first the general rela_onship between

the system range and the antenna characteristics will be established.

It will then be shown that one of the most important characteristics

of a high gain, ground based, space communication antenna is the

antenna radiation toward the ground. A concept_ the "radiation

s_sslon" can be introduced to characterize this effect.

In the second part of the study, the design parameters affecting

in more detail. A reflector type ground antenna will be assumed

in the analysis because, at the present state of the art, _b_is

type of antenna promises the op_mum overall performance at

economical costo Furthermore_ to simplify the mathematical

calculations of the hack radiation of the anSenna_ circularly
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cylindrical or spherical reflector shapes will be assumed.

2. FACTCRS EFFECTING THE RANGE EQUATION

OF A GIVEN A_f_NA SYSTEm.

The range equation of a one wsy, space communication system

can be expressed as

(i)

R = the distance between the ground

antenna and the space station,

D
- -_ = the diameter of the

ground antenna aperture expressed

in wavelengths,

t

C-

aperture efficiency of the ground

antema,

the specified receiver power for

acceptable communication,

_--_7 AT , where P_ and
_e the transmitter power'and _

effective antenna area of the

space station respectively.

(I) neglects the ionospheric and atmospheric attenuation. This

is a good apprcxima_Lon in the 50-3000 Mc/s frequency band.

In the following discussion, only _he problems of the ground

antenna will be analyzed. Therefore, C = constant will be

ass_d.

-a-ccor_4-ing-___o (!), t_e range of the commnication system is pro-

portAonal to the size of the aperture diameter. However, in (I),

is a function of DA and as D_ increases, the absolute

accuracy of the reflector (expressed in wavelength) can not be

maintained. Therefore, an optimum aperture size exists beyond

which _ decreases rapidly. For the present purpose, the aperture



efficiency can be expressed I) as

- 167_2___

(2)

where

_o l the aperture efficiency of the perfect
paraboloid,

" )
D

t l root mean square deviation of the

reflector from the exact parabolic

shape.

_e received power can be expressed as

PR l MI_ = Mk Z_f TT ,

where

M l the specified signal to noise ratio,

PN a total noise power in the receiving system, w,

k l Boltzmau constant - 1.38.10 -23 ws_K,

Z_f = receiver bandwidth, c/s,

TT = total apparent noise temperature of the
receiving system, OK.

(3)

The TT total noise temperature can be written as

' T '_ec T _t _t

_=_" _e_ is the receiver noise temperature and TA ._ and

TA_ t are the internal and external noise temperatures of the

antenna system respectivelY.

External Noise Sources

It is not difficult to calculate the approximate relationship

between the T_e_t antenna temperature and the more familiar
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antenna parameters. It can be assumed for this calculation,

that the anter_a is within a "gray body cavity" and the dis-

tance from the antenna to the walls of the cavity is large

relative to either the antenna dimensions or the wavelength.

Acccrdi_ to the Rayleigh - Jeans expression for the radiant

flux, the total bipolarized radiated power of a _I surface

element _ward a dA receiver antenna surface (see FiE. I) 4'
5,6)

(5)

w_ere

c = veloci_ of light,

= emissivity of the gray body,

-_ - absolute temperature of the radiating

surface_

1 g 1  l,,ttve ban dth of
the receiver_

ele_ an_.ca r_

F=_,_) - pc_er directional pattern of _he_receiver
antenna,

angle be_een the normal of the radiatlng

surface dAI and the direction of the receivi_

antenna,

r = distance between the two elements.

Integrating (5) over the apertcre of the receiver antenna and

ass_ that the receiver antenna is unipolarized, the received

thermal power from the element dAI

X_

x_. (6)
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_lere

antenna, d_ is the elementary solid angle and _ A =

is the effective receiving antenna area in the direction

w re l

The total received power

is the power radiation pattern of the receiver

AaTT

(7)

(7) shows _hat the received, thermal noise power is a function

of the antenna position because the radiating surfaces around

the antenna are generally inhomogenous. Most _thors define

the antenna noise tmaperature of a directive antenna in a position

when the antenna beam is pointed vertically toward a "cool" point

of the sky 7). (See Fig. 2). In this case, it is convenient

to calculate the integral of (7) separately over the upper and

lower hemisphere. For the upper hemisphere

(8)

where Ts is the apparent sky temperature toward the direction of

sec_on of the antenna 8). According to observations made during

recent years 9, I0, 11), the largest component of celestial noise



in the 50-3000 _c/s band is galactic radiation. The power

distribution of this noise shows a rapidly decreasiDg

character with f_equency (See Fig. 3) and its space distribution

ih_s a _ in the plane of the celestial equator. However,

the an_lar varia_on of this noise is mall. Therefore Ts=

coMt. can be assmaed vithin the main antenna beam.

The precise integration of (7) for the lower hemisphere is Bore

d_i_Acnlt because all factors in the integral are usually

complicated functions of angles.

For some flat, ground surfaces s the apparent grsund telperatare

G_ was calculated by E. Weger 12) in _he range of I0 kmc/8.

At loeer frequencies, the effect c_ a_aospherlc attenuat_an and

scattering is negligible. On the other hand, the noise power

of the sky, which is reflected froa the ground, becomes more

important. Therefore, (T_) in (7) should be generalised as

(9)

where TA6 and TO are the apparent and the therao_cal

taperat_res of the ground respectively, while _G is the

emiseivi_ a_ _ is the reflection ooefficlent of _e surface.

Fr_a (7) and (9), the integral for the loeer hemisphere becomes
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where in the last approximation the angular dependence of

_ ond rG is neglected. This approximation is obviously

only applicable toward the lower frequencies of the band.

Fig. 4 indicates the frequency dependency of the apparent

ground temperature for normal incidence.

It is convenient to introduce the radiation suppression of

the antenna, or briefly suppression S, into a solid a_le

_, , by the definition

= Average rod;okion into _L,
Average radia--tion ;nto _=#1_

where

w
J

'--II
g_

From here on, _, will always refer to the lower hemisphere.

Then, u_nx (Io) and (:11)

(11)

S2,
(n)

Inserting (8) and (12) into (7)

(z3)
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The n_se power of a receiving system in _dlich only external

sources are _r_rod_c_ug noise

co=par_ (13) and (z_)

TA,..,,k "_" 2TAeS ]

= +
4

(15) indicates that the external noise of the antenna is

deter=ined by the sky"and ground temperatures and the

radiation suppression toward the ground. At low frequencles_

TS is inherently high while, on the other hand, S can be a

small quantity because the gain of the antenna is usually saall

at low frequencies.

Toward the upper part of the frequency range_ TS becomes small.

NerVeless, the feasibility of building high gain antennas

=aT bring the value of S closer to unity.

Fig. 5 indicates the apparent external noise tesperature Taext

as a function of frequency_ for D = Io0'. It can be seen

that Tee_ decreases rapidly as the average radiation toward

the ground decreases. For a fixed aperture diameter and level

of backradiation Taext has a minimu_o Thus Fig° 5 can be used

to select the optimum operating frequency of the system° This

can be determined from the cross section of the _o_G = const

curves and the .line of opt_naa" frequency. In turn, once the

(:_)
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eperat_ frequency is selected, the required value of _ve

can be specified by the use of Fig. 5.

Furthermore, it can be concluded from Fig. 59 that the i_

ance of the whole antenna noise problem is a direct function of

the TRe c noise (See eg. 4). Maser receivers already are able

to produce 5-10°K noise ten_eratures. Thus, it can be

expected that_ in the future, the operating frequency of space

conm_nication systems will be increased, probably up to

2000 mC/S, and Fve _ 80 _ will be needed. The latter

requirement will present an ever-increasing refinement in the

antemm tech_d que.

The thermal radiation of the ground can be decreased by either

decreasing TA@ or S. According to (9) and Fig. 3,

Ta6 _ £eT6 at higher frequencies. The _s_vit7 of

the _d can be decreased by covering the _md with a

metallic screen. However, this method is very expensive if

the center of the antenna is high above the ground 9 which is

the case in large antenna systems° A more convenient solution

of this problem is to provide large suppression toward the

Internal Noise Sources

Fig. 6 indicates hew rapidly the apparent external antemna noise

te_erature increases for large autem_ systems as S increases.

far, only the external noise sources have been considered.

Hcwever_ the internal thermal power of a large antema and wave-

guide system is not negligible and at least the former should

be taken into account 13, 14, 15).
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A simple calculation can be made assuming an axially syemet-

rical 9 solid reflector s_rface in free space, _hich has a

receiver antenna in its focal point. According to (7), the

received thermal power at the feed point

H'
(16)

_ere

H s .

emissivity of the reflector,

absolute tm_erature of the re-

flector,

aperture efficiency of the feed

hora,

ge_etrical aperture of the feed

horn,

ge_trical factor of the solid

reflector with an aperture angle _

_

0 o

In (17), _ (_, _) is the power pattern of the feed systsm.

Fig. 7 indicates H _ f_r spherical ( H_p ) and parabolic

( _ ) reflectors as a func_on of _= g assmling

F_Cup_ = cos _ . From (16), the apparent noise

temperature component introduced by the reflector

(zT)

(18)
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-_ ~ _ _ _0 and theIImnLll,7in (18), = 300 °K, Or

material of _e reflector is almost always aluminum,

( _ _ Z% ). (Table 1 inaicates the emissivities

some materials. Mere complete data can be found in the

literature 16, 17)). For the usual _q= 60-8o ° aperture

angles, GFHs = _TF can be assumed and then, the

apparent reflector temperature is 6°K. This is a

relatively high value. It should be noted however,

that the available thermal noise power of a surface is

proportlonal to its projected area. Thus, in the case of

a wire gratings reflector, the noise radiation can be

considerably reduced.

the transparency ratio

where H _

reflector.

This redaction can be expressed by

H _

is the geometrical factor of the wire gratings

can be determined from (17) by integrating

only over the metallic part of the reflector. The noise

radiation characteristics of a single wire was calculated by

C. M. RTtov 13 ) and it is easy to extend his calculations to

a set of parallel wires. It will be shown later _hat, at

A_
optical frequencies, _ _ _s _here _ and A _ are the

projected geometrical areas of the wire and solid reflector

respectively, assuming that the wires have circular cross-

sections and are parallel with the polarization of the

receiver antenna.

(Zg)
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TABLE 1
L

_IISSIVI_ _ D_FEREST MATERIALS

Copper

Silver

Steel

Asbestos

Brick

Plaster

Snow-white enamel

on rough iron
plate

Water

_ater

Grass

Concrete

As_Ualt

T_perature Conclt _ on

25°C Unoxidised, _ - .65
Io0Oc

500oC . ,,

Io0Oc . ,,

lO0OC . .

IO0°C . ,,

- .65

N

E_sslvi_

2.2

2.8
6.0

2.0

2.0

8.0

93

95

9O

91

Horizontal Vertical

Polarization

_- 3 ca _I 5o

" 98 98

. 88 88

" 89 89



For mtcroeave frequencies, the optical approximation is acceptable

until t_e skin depth is negligible relative to the wire diameter.

With the above considerations, the generalized form of (18)

In practice _ can not be very amall becanse the reflector is not

in free space and the thermal radiation of the ground through

the reflector becomes noticeable. This problem will be dis-

cussed later in this paper. From the latter considerations,

it follows that _ can be made small enough to reduce the thermal

noise of the reflector before the transmission of ground noise

through the mesh becomes noticeable.

In the given example, an aluminum surface was assumed. Un-

fortunately, the reflector can suppart precipitation in rainy

weather, or ice during winter condit_ens. Under these circum-

stances, the emissivity of the reflector might be 10-20 times

larger than for the ideal metallic surface.

Besides the thermal radiation of the reflector, there is another

internal noise source in the antenna system, the loss resistance

of the antenna. Assuming that the radiation resistance RR and

network, the time average of the square of the noise voltages on

these resistances will be in a _ frequency band_

(20)

VR= 4k-1"A1  . , V,.-- 4kT k, ,

where TA is the apparent and T the thermodynamical temperature

of the antenna system respectively. The noise pc_er ratio of

(2:].)



the Iossy to the Ioss-less antenna

=-_ - - I+---- i÷

(22)

where PR and PL are the radiated and loss powers of the antenna.

But

'e,,.--P,o'_= _ ,,f T,,'_ - k ,,4"%,,. (27)

_"T"

where TAL is the apparent temperature of the lossy antenna.

Accordir_ to (2_), 1_ power loss is already equivalent to 3°K

additional noise temperataure assuming T I 30oOK.

Collec_nE the warious noise _ature components from (15),

(20) and (2_), the total apparent noise temperature of the

receiving syste_

(2&)

(25)

Using (2), (3), (1.1.)and (25), the range equat&on

C ,,1.D,:e

T,_,,_+ &T÷ i "IT"
+ _ST,,,G+ _-%

(26)



In (26), the second factor of the right side contains the antenna

design parameters. If the noise temperature of the sky is high

(at low frequency) or the noise temperature of the receiver is

large (conventional receiver), the antenna design does not affect

the overall noise temperature of the system, and the reflector

size, accuracy and aperture efficiency are only the controlling

parameters.

However, if the sum of the receiver and sky noise temperature

is in the order of 10°K or less, the resistive, reflector and

ground noise becomes increasingly important and their value

should be msin_d as small as possible by proper design.

The reflector noise can be controlled by _, while the noise

caused by the antenna loss can be decreased by the elimination

of the feeder line, i.e., placing the receiver directly to the

feed point. However, the noise c_-sed by _hermal radiation

from the ground still re_ains and may become the largest single

component.

Fig. 8 shows the range variation with D_ for various levels of

backradiation. The range increases with decreasing backradiation

and has an optimum value determined by the reflector accuracy.

If the level of backradiation is large, the range is seriously

limited by the noise_ long before the reflector accuracy affects

the operation.
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3. T_E BACK RADIATION OF REFLECTOR TYPE ANTENNAS

3.1 Sources of back radiation

Fig. 2 indicates schematically, the possible sources of

back radiation.

According to this figure, the back radiation of an antenna

m_[ be generated by :

A) Spill over radiation of the feed.

B) Radiations caused by the currents on the
rear side of the reflector.

C) Transmission through the reflector if it
is not solid.

A) In many cases, the spillover radiation produces the

largest contribution. Obviously, this radiation

can be decreased :

a) by increasing the aperture angle _/_ , or

b) by increasing the directivi_ of the feed

system.

However 9 the first approach increases the surface of

the parabolc@d relative to the aper.ture area (see

Fig. 9) which increases the weight 9 wind load and

constructional difficulty of the antenna system.

The second _ppromch rednces the aperture efficiency.

Thus, both methods increase the cost of the antenna

per unit gain. Instead of these non-economical

approaches, the feed pattern can be specified

according to Fig. I0. This pattern produces constant

illumination for the reflector within the _angle,

where _ is close to unity, and radiates little p_er
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into the spill over region. The radia_on into this

second region can be characterized by _ F_ (_>_)

It would appear from Fig_ lO that for _ = const,

approaches unity, the size of the feed system increases

and screens the center of the aperture. _xis latter

fact tends to decrease the aperture efficiency which,

therefore, has a maximum _hen _ < _ .

One possible realization c_ the feed pattern indicated

on Fig. i0 was suggested by S. A. Schelkunoff 18) using

a linear array. A solution applicable far microwave

frequencies was described in the literature and was

successfully used to obtain high front to back rat4o. 19)

B) In the theoretical case of _ = O , the feed does not

directly radiate power in the rear hemisphere° However,

the feed radia_on induces currents on _be inner part of

the reflector, which may flow towards the rear side of

the surface. _hese currents were anaiized by

E. B. Mcnllln 20) for the case when a cylindrical wave

hits a semi-infinite plane reflector° According to

his calculations, the rear current density has its

•axin_m at the edge and decreases rapidly with the

distance from the edge. The nature of _hese currents

will not be analyzed in this study, but a method will be

outlined to localize these currents at the edge region

of the reflector and then cu_penmate their radiation

toward the rear hemisphere.
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3.2

C) _e transmission through a plane wire gratings was

a_ed by several aughts and the attenuation was

calculated as a function af the wire radius _ and

separation _ expressed in wavelengths° 21, 22)

In the following, only two aspects of this problem

will be discussed:

a) the effect of the reflector shape on
the transmitted field through the wire

gratings and

b) the optimum selection of the $/_ ratio,
_hich produces low thermal noise radiation

-_th satisfactory attenuatlon through the
reflector.

Amal_is of the Diffracted Field
around a Metallic Reflector

Two reflector shapes will be discussed in this paragraph:

i. An aztally iafimite, cylindricalshell

reflector which is illumimated by an

infinitely long line source.

2. A spherical cup reflector illumlmated by

a point source.

Fig. 11 indicates the cross section of an axially

infinite, circular _-ylimder. The geometry of the

circular arc is determined by the radius 9 and

the _per_re angle _ . If an arbitrary polar-

ized field exists along the axis of the cylinder,

the field, along the circular aperture, can be

synthetized by an axial and a circumfer_t_al

c0Mponemt.
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_he radiation pattern of the elementary Huygens source in

the ape_ at _+_ angle

for circumferential po]_'izat_on

(2"/)

I for axial polarization.

Only the first case should be calculated, becuase it

contains the solution of the second case. The normalized

far field component for the circumferential polarization

dE= + (28)

where

'_+ = _

Introd_c:L_

f.-=l * cos_,cosO-

I" ,_E

s,n_ sin 8 = t + {', - fz

i _0_ : -- IIi , 12. /

(_)

then

dE

2,
(3o)
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With

(%-ff_. , A=t+'[, j B=f_. , (31)

E
2

where

T I 4-- -E_ -r,)

T, = I A9 cos cosf_ a_

T=.: _]_£ s,n0< .4,n 13 &_

Ts= I A£ s'_nc_cos(_ d_,
II

T. : 1 B£ cos_<s'_nlsd4,
o

(32)

(33)

(3tO

(35)

(36)

(33-36) are valid for a_ arbitrarily cylinder which has a

symmetry plane. However, in the general case, the integra-

t&on can be carried out only numerically. (For instance,
-2

for a parabolic shape, where _ = cos _--- ). If

= constC_nt , the integratAon is straightforward but

still quite tedious. Omitting the details, (32) can be

expressed as
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where _ symbols represent the fo]_lo_ in%e_tls

-i°(e,_,.) - _o_t,-_o, ,,,],:,,, 08)

-ie
@

(39)

e

(ho)

(_z)

W_+8

(zm)

If the polarization is parallel wi%h the axis of the cylinder,

then from (27), (28) and (29) only (38) and (39) are different

from zero. The far field

E

wh@r@

(-o, ::) ...(e, _.:)
(_)
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( @, sc) =

qJ_+e

n=O

e

oo

, 2q
co52n0

C1_5)

_ = (-e , (UT)

(.P._ + I) qJo.



Selecting co _ v"= I , the far field pattern

I _ _n 2n_=.

-'- "TrZI si'_---'2"uu-_°se_.u du.
@

I ;_ o<_.e< ,+'o..

! ",{: e = ',-VQ.2_

o if W,:,.<o_<.Tr

(50)

which is the familiar expression of the geometrical op_cal

field,  ere f(e) is • ,.-.. periodof "If

and a width of _/_ .

In the previous discussions, the range of _ was not

restricted. This is the case when the circular arc in Fig. 11

represents an "open" aperture, i.e. when a cylindrical wave hits

a 2_ sin _ wide slot (See Fig. 13a). In the case of a

closed aperture, the elementary Huygens source can not radiate

without obstruction into every direction because it is obstructed

by the aperture itself. This physical arrar_ement occurs when

a cy_cal wavefront exist on _he rear surface of a cylindrical

wire gratings reflector.

restricted for 0 < _ < _--

be more general form of (37)

-r_-o_,(,t,- e)
._.E.E= e a.q,

0

O-_ _-< _ - '4"_.
2.

-.l- I ,'cosC,v+ e)c;L,4,e.

k

I -,"co_('4'+ e)
(_)
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where

k

OZ.. @ <'Ti"
• -_ -'qo.

I=I_

(52)

The result for k = _0. =as _ven by (h6). Far _" - q,_<_8<__[

+

Oo

2n

- cos2n_ sin _nG]

0

(53)

IZ _ >> 1 _ _osr = I • the far field pattern

Oo

(54)

(46) and (53) describe the far field pattern if a uniform field

exists along the circular cylinder between O! _ 4 _

and is zero along the rest of this circle. This model can be

used to analyze the radiation of a wire gratings reflector in

the rear hemisphere, if the feed pattern agrees with Fig. IO.

However, an equally important case occurs in practice, when the
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field is zero along the aperture arc f_ O __i_[_ _ and

is unity al_ the rest of the circle. This model can be

used to analyze the screening effect of a solid reflector if

the feed pattern is o_idlrectAonal. According to the

Babinet principle 23), the superi_ed radiatlon of the two

caKplementary (a and b) cases on Fig. I_ prodnces case c,

which is the field of the unobstructed cylindrical llne

are normalized to unity

(55)

For instance, the diffracted field around _he circular reflector

from (46) and (55)

| 2.n

_s(?.,_+,)e. (56)

_Agorously, (56) is valid only f_ O__ _ _ _r and

O _ ® • _ However, the approximation is quite
- -_-_ .

_ood if _ exceeds _ by a sma_ _ount. Thus (56) can be

used to stady the field of the t_msition range at _he circular

reflector.

The zeometricalopticalfor,,of (56) ( ,*>'> _ , cos v" = I )

after norm_izat_on

(57)
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If (57) describes _he pattern of an antenna system for all

O , then the antenna suppression of this antenna system

for the rear hemisphere

V/t 'irl_.

c,

o 0

(58)

(58) shows that, for an isotropic feed source, the antenna

suppression decrqases slowly with _a unless the aperture

l_gle is close to _/Z . However, _he suppression for

the feed pattern given on Fig. 10.

S{nO d@

SW_ T

o _o_

_ cos W_

(59)

Although _ cannot be decreased arbitrarily without affecting

the aperture efficiency, (59) clearly shows that the control of

is a more effective method of decreasing S than increasing

the aperture angle. It should be emphasized however, that the

range of the coJmmnication system is deterained both by the gain
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3.2.2

and the s_ppressian at the antenna.

determines a single _ for each

the discussed feed pattern, then

_/_ -_ 0 while S--_ o

The opti_m_ combination

angle. Assuming

-_ I as

as _ --_ _.

Thus the absolute mxi_na of the range alw_s occurs at a

_ < _ aperture angle1

The validi_ of this conclusion is not influenced by the fact

that the total noise t_perature of the antenna system is

also deterx_ed by other parameters which are independent of

_. •

Fig. _ indicates the suppression and the apparent ground

temperature component for various _ = F v _) as a

FF(o)

function of the aperture angle.

= O. 7_ was assumed throughout this calculation.

Diffraction Field in the _resence of

a Spherical Cup Reflector

The results obtained in t_e previous paragraph are not strictly

applicable to any practical antenna bec_se the axial length

of the cylinder is infinite. The advantage of this simple

model is obvious, however, for mar_ practical problems, a

more accurate analysis is needed.

In this _ragraph: the screening_ properties of a finite

spherical reflector will be analyzed.

This model approximates very closely, the paraboloidal

reflector from the standpoint of back radiation.

Fig. 16 indicates the coordinate system suited to this problem.

A spherical cup, with a radius of _ and a symmetry liDe along
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the z coordinate axis extends between o __ _ __ _ . The

general current source in the center of the coordinate system

can be expressed as a carrent vector with Ix , I_ , and I_

cc_onents. Because the calculations fc_ the two perpendicular

current elements are similar, only the field of the _ and

Iz components will be analyzed. The far field of the Iz

carrent elememt seems to be less interesting because most feed

systems have only transversal current elements. However, the

field structure at the edge of the reflector is identical fc_

the I z and Is component if _ = _ . 0House,
4

the far field of the antenna syst_ is determined by the total

aperture distr_butio_ along the surface of the aperture sphere.

Nevertheless, the eCadlarCt_ between the two far fields in the

- 0 plane remains quite considerable, ff the feed prodnces

a hish_ directed field towards the reflector and its pattern

has practically zero amplitude fea _ _/ > _. . On the other

hand, the far field expression of the I z element is inch

simpl_ 9 therefore, it is worth while to include its analysis.

A. Field of the I_ Cmrrent Element.

The normalized field of the Iz current element along the

>> A sphere has only _ component

If the field on the rear side of the spherical cup is zero,

the on_ camponent c_ the far field 23)
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or, omitting the constants,

i I:<+: .+t[,+°*_]+++ _-+++ +,,-,,+,or+,_+.
"l'q +

(61) describes the far field of the spherical aperture. If

the field is eliminated from the o£ q., 4. q,_. re.on

of the ape_ sphere by a metallic cup, then the aperture

is along the outside (rear) _rface of this cup. bus, (61)

does not describe the field caused by the inside currents of

the reflector.

The components of the various vectors in (62)

In the 2n the

£ '4' h° x

system

F..

(_.)

0
I ' (6"1)

o1: [_:.-,++,_,,+,+-o._,p,+o.+,+,+,_,',,+,-.,+,,'+', -+,",+++o+'+
(&) •
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[s'_,_Ocos@,sinBsi,_p, co_E)], (65)

(66)

(67)

_._ ___'

_e far field is axially symmetrical.

(62) should be calculated only in the

Thus, the products of

- o plane.

(6B)

(Fo__)_, - _i_, _o_ , (69)

I_Zo=sin,l, cos(O-_,) , (70)

coscx ,, s_n_ _n_ cos_p + cos® c.os_ f?l

Introduc£ng



Eo= e 6,,_4,K,(_,)olW

where

0

(?_)

With (74) aud (75), (73) can be written as

(75)

111]_re

Eo = Eo,* _Eo_ , (76)

(77)

(76) can be _Z_ e_Zo_1_ for i_: _eo_ o_em,

a) __m 0 = 0 (alo_ the z _:lu_)

b) for 0 : Z (in t,be _ p:l.ane)2

(78)
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.) 9 = o . Her,

_o.

= £,- &,2* __6_1- &._" _

(79)

where

, (80)

7_

o _,..

(81)

7

W%=I

, (82)

oo

o _fQ.

OZ'

(_)

(8h)
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9.._.l-I # -t. I

(85)

(86)

(ST)

T.

Z

Wo. s'__. _

_('-I

(88)

co_&W co_k_p dkv :
(89)
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, then _,, _ G2, and _ _

Thus (79) rednces

E,,(o) _,, + _ _,,

= - 3o(_) s;,,w_. - 5 (,41-_'_'c_"'')*"_°7__(-,)" _ 'L _-,_--__÷

+ (2n .,-L) ,_,_ J

+ t

(2.. 2.) u_

(_)

The similarity between (90) _,d (53) is quite obvious.

Accarding to (90), no _e camponent exists along the Z

_ = O

(f_

If r

axis if

• However, the presence of the reflector

_ ) introduces a field along the axis which varies with

, even for the axially polarized Iz current element.

is large, the particular value ef r always can be

selected so that the imaginary part of

relative to the real part.

can be terminated at _ < r

With

(90) is _gligible

Furthermore, in this case, the sum

(91)



and if _ is selected at a maximum of the even Bessel function,

E_(.o)_ _ '3-°(,-)si_. - 2_,___o5_,_.

According to the _ppr_te expression of (92), the axial field

has a _ and a zero determined by

(_)

(93)

EOn%o =-V%o

AsFi¢. 17 sbaes, _q_ <_ and _o_ ,_-rZ

Another single observa_on can be made on the basis of (92).

(_)

The field of a paraboloidal reflectar antenna systsm along its

beam _ is proportional to D x • Thus, from (92), the

The other factorfront to back ratio is proportional to D x .

proportd.onaiity is

to back ratio

(95)
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(For isotropic feed source

_ o. 335 , then

Here
b) o --_ •

_0

EoC I
231"

_'/.l

| -,_

The _irst _o inteE _ls can easi],7 be integrated,

(96)

_I_

1:os31 ' 3oCrCosW)clN , _ .s
o

t_']2

I _osq, 2oCrCos_) d%

'---_ _- _. - _ _. ,,.



o

_rlz

_L c
o

o

In the ]_st two inte_als of (96), the assymptotic form cf %he

Bessel functions can be used if _ _ I and _ _ I

_his is the practical case.

_en

i _ < )cos_, 3o r_.o_W d_ =

o f

= \'i_," !
0

_ _ _ ,

0

J
t

f S r,.,

! eo

0

(,)

Mith t&e last results,

%(_)~
2.1f

.... v :__}
_'__ -- 8 _"

_[__(_)_,(_)*B . -

_e t_ _ (_)

_" _i %"
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(97) can be used to calculate the field in the _ = _

assuming that the "complementary aperture angle" _QI

I

Thus, varying y • the field in the "transition" zone can

be s_died without integrating (77) and (78)for arbitrarily

(See Fig. 18). In other words, the role of 0

be interchanged in the transition range. As _'

validi_ of (97) deteriorates, but in that case,

I

and_ can

(97)

increases, the

obvious_ approaches the far field of the _ current element

i_e_.

B. Diffra.cted Field of the _ Current Element.

If the current element is along the y axis, the geometrical

relationship can be studied by means of Fig. 19a and b.

l_t!
- s_ , cos_ cos_f_

(98)
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For further calculations, _T should be expressed in terms

of _ , _ instead of y and _ . The

_ausfor_ations are determined by

Q

(99)

[ I o 7 (1oo)

!i_,w (1(%1% and (1D21

(102)

cos _: c o S _ ,

: , - si_Sln

The aperture field from (96), (101) and (102)

(Io3)

(I04)
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(;o5)

p__ - _in_T = _i'__ _--- LI,_in_ -I (Io6)

(zo7)

e:_ _o , __ -I _ e..z=u t._inho

The far f_e_.d at the point P

(I_08)

4qrR

or dropping the ccmstants

'l'hol'_

(11o)

(_u)

(112)



1,2

I

, _m_g_S0 , co_._ (1].3)

and in the dp = 0 plane

sinOsin#, cose] (1._)

The foll_ng calculatAons will be restricted to the

(_ = 0 plane.

Here

(n5)

I

)

E,(e o) .. E. o,_a E_=(e.o) = e_
' .S'm G

c_lculJtion ot g_!e,, o)

CalculatAng the prodncts indicated in (I.10) and taking into

account (116), the Ee cozponent of the field can be ex-

(1.1.6)

pmss_

Eo_o,o):

-_,I[_,-A,+',-',:__"° _,
(_.?)

R, Rz e. _
As- .sl_,q _

R.. R_. e.

'3



ii" _lr

0

_PQ.

+ _ sine S_nu/ cOSkO)

-I

+

+

,q-

2Ti' _.osO i sin _, P-

_e integration of (119) for arbitrary r and. 0 is quite

complicated. It is more practical to integrate separately

for rs,_O _ _ and for r _ 0 >>

(n.9)



-_ (rs_@_r,w j =- s_@ s_,g_

(12o)

• 2, C I

e

+
I

+aa7__C-_)_%..,(_°_ e)_.,
@

where

= s_.W tossV cos k w d_

11"

= ) _in W c°_kW d_

If no_ only r __va e _ m_._l.l but e is also _II,

_hen_ _-cosE) _ r and the expreBs±onB "In the braoke_

of (12"1) become independent of E) . Then,

(_2)



,here the K1 and _ are not f_s2ctions of

indAcated in (L_I).

and are the _

• 1 =, -'_ c +,ae

(_-._)

W_- e Eo(o,o)-

" t
.;= ,, .,,. ."-"_'- •

wbez"e

+

(_)

N_
1/, - _9

'k_.- G

::::_"Z_

N_
"lr+O

=-,_?ii'sinO .s;,,, Cz-0) co_Cz.+o) ,:o_kz
J



3"-®

_cos e I
3/2

s_n (z ÷®) co_kz az_

q(÷O

=- 13'co_0 I sin_Z(z*O) c°_ kz. dz

q,,,_+ ®

The general fsr_ given by (125) and (126) are rather

complicated to analyse the field as a function of 0

Again, a samewhat simpler working expression can be found

by selecting _ = _ and then varying the zpertare

angle in the neighbourhood of this value. The calculation

can start dlrectlyTfr_ (i19), which far ® =

integral was calc_xlated from the for_m3_ given

The r_ integral can be calculated

(126)

(127)



!

separately f0¢ _ co_ _/_ L_ I and
I

,-cos_. _') I

most interesting practical case occurs if _V_ << I .

Then for arbitrary r

I

1++,,2+3,(,-+o.+,+,)d,, _. +,(") _- +++2+,4p__

and the field

(128)

eoI o): + 3-,(+)+_(+.)+
"iT

-Z.. ' +,,,.,+,C+,,.,+,_
+ " , (?-'_-()(?-"+0 _ - T

The series in (129) converges rapidly. Therefore, the

expression is quite valuable for rn_merical calculations.

(129)

Calculation of
J

E+(e,o_.

Prom.(_6) --+t (110)

,-- ,_ , r- r C r + × c_ + _ e d.A
L,te,°l =" %= J_ _"° "-" '_s-

_e_

[ _°* (_+,+)J+-++:

(130)

: -+<.(_:+ b,) + R+(_. + b.)
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FoF
"i¢

2.

(131)

(132)

(133)



C_l+)

E.(_,o):

!

%

+fl-I(
lid

I

%

o

I

,& ) _,. ............

o

I

0

I

For W_ << I aud

positive integer, the bl_cket :In (1S_) becomes

(_3S)

"_- _.: _,(_)4,o
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and

4 E

-_L_f<,(_-):3,(_)+_- _<,_.,_,(_)+_-_ <_]

For r _ 1,

(]36)

The total field along the x axis ( _ = o , _- - __ )

.,o)..,o)+ Eo(__,o)_,o)iEl': Ee(_ E_C_ E2(-_

where E 0 end E_ are given by (127) and

arbitrari_ _ _.d by (129) and (_6) for

In the latter case

9, --2. "

(_5) for

1.

_ ++7__'_o(:,.):_,(_)+,, , _,(,-) _,o']
"A,.

(Z38)
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I

Given a fixed value to _ , i% is possible %o determime from

(138) an optimmn r, which results in a minimum field along the

x axis. Applying the Babine% principle, this method can be

used %o determine the optimum radii of a radiating spherical

cup which extends over o ! W _ W_ and produces

minimum field along the x axis.

_. _ermal Radiation of Wire Gratings

It was stated in the general discussion of the antenna noise

(Section 2) %_at the %herlml radiation of a wire-gratings

reflector is sppr_imately proportional to its projected area.

For optical wavelengths, this fact is expressed by the

familiar Lambert Law. However, _ law is not valid if the

surface dimemsions of the radiator are mnall relative to the

wavelemg%h.

In thls paragraph, the thermal radiation of wire gratlngs will

be calculated for microwave frequencies.

Fig. 20 shows the assumed geometry. The z component of the

electrical field at %he point P of the Oth wire

z_

&: K, I'- H'oC o)a +
o

K,L i _,)d#
I,_._ I ¢._

(139)

where

In = _he z camponent of the instantaneous circumferential noise

current on the surface of _he nth cylinder. It will be assumed
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that an the wires are at _e same t_perat_re, thus the time

average of the root mean square currents are equal on all

cylinders.

r n - electrical distance between a typical point of the n th

cylinder and the point P on the 0 th cyliDder _ _L (L = I_ 2,,.,)

- factor of proportionality.

On_ t_ first order interactions be_een the wires will be

taken into account. Then,

I

o

The instantaneous current can be expressed as a Fourier

5erie 8,

(ml)

I il • . I. I

1_ere #._C_) ___.°'Q'('÷" iS _e oomp'iex ::rLnsf_rlf_neotts noise

voltage along the surface oi' the n th wlre. Inserf_ing the

first _ members ol the series from (_2) into (_I),
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calculating _he time average and taking into account _hat the

total electrical field should disappear at the point P,

o 0

=o

From (143), the ratio of the Fourier coefficients

0 0

AQ

9.11"

0

The instantaneous far ,field of the current on the 0th wire

at a distance K : t./_
rcllr

O

_,eoC.t) -_L
K_ A,oeoC_)e a

,,/-r-

The total field of 2m + I wires in a distance L perpendicular

to the plane of the wires

_,C*)e e
d. 'I_. 'Iz" }

(lh3)

(_)

k 4J.l.) ;



I{ _= w_< L

E = Ks _- Ao _ ._(t)__

where

(]_7)

_ct) = __-- _.o(_)9.

The total radiated power

: EE" _
In_t _%01_

i

= K_AoA_I_2_ - _- e_(t)_Ct),':

(]_8)

The time average c_ a typical term in (149)

(Z_9)

:L

o _ _c

K= '_,

where Rw is the skin resistance of the wire.

From (150), the time average of the noise power from the wire

gratimgs

(15o)

%= K, Tz_ AoA: (9__+I') =
L
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KF

o

If t = 2_ , _e wire gratAngs becomes a solid

reflector. In this case, the more accurate expression

of rI shoald be used.

X

(151)

The radiated power of the corrugated solid reflecter

(See Fig. 21)

(x52)

z_

w_O

The screenin_ factor _C fc_ _---<< |

(x53)

[

o 2 _ Z

E (xS_)



The screening factor is proportional to the projected area

and the carrection facter Q. The upper limit of Q is unity

by definition. The lower limit of Q ( _ _ q ) can

be calculated frm_ _he asymptotic form of the Hankel functions,

taking into account that _ _ I

FroR(15_),

Q-c IC

"whex"e

(155)

0

0

_' _2_ (_,. _- "_

F_

(156)

9.

I



2._" I

* _.

Z_ !

c_o& _-

and Q = O. Va, 9 Thus the limits for Q

= O. 155"

@

0.749 E O, Q I

According to (157), the deviation from the Lambert Law is

small. However, it shueld be noted that the circumferential

current on the wire surface is calculated from the first

order approximations, which _pparen_ly is a poor approach

to use in determining the denominator uf (154).

SQme Applicatiuns of the Previous
Results to the Optimum Ground Antenna Probleu.

In the following, sole practical antenna arrangemnts will

be discussed, applying the results of the previous sections.

5.1 Feed S_st_u Problem.

Fig. 22 shows the cross-section of a cylindrical

paraboloidal reflector with an aperture angle _p <

and a focal point in _ . This reflector is

illuminated with a primary feed pa_tern _ Q_)

(For simplicity, a plane problem will be assumed

in the folluwing)

Suppose that this primary pattern is produced in the

(z57)
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following way. The beam of a directive source with a

radiating cemter FH is pointed towards Fp. However,

before this radiation reaches the Fp region, a

reflector, placed along the line C reflects the rays

toward the paraboloid P. The geometry of the primary

reflector can be deterained so that the reflected

primary wave will form a cylindrical waveform with a

center at Fp. If the size of the primary reflector

is large relative to the wavelength, then, the method

of geometrical optics can be used to calculate the

amplitude of the reflected wave, at least along a

circular arc D close to the reflector. According to

geometrical optics, the amplitude distribution varies

slowly with the angle _ , up to the angle _ .

This angle is determined by the "last ray" which is

reflected by the reflector (See Fig. 22). Thus,

beyond the angle _ , the amplitude along the

circular aperture can be considered zero. If the size

of the primary reflector is large and _ _ _qp ,

then _C_,I_ O for _ > _p and the

spillover radiation is eliminated independent of _p

Obviously, in practice, the size of the primary _e_1£c_or

cannot be very large and the precise pattern of the feed

system should be determined from the formula valid for a

finite size, circular, aperture. Although, there is a

certain small distance between the reflector contour

(which is a hyperbola) and the aper_are circle, the phase
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can still be assumed constant along the aperture line.

On the other hand_ the a_pli_;ude variation along the

aperture line D is a function of the illuminating

source pattern and the F_ Pp distance. The

actual amplitude distribution can be expressed as a

Fourier series containing only the even members,

Akco_k _ In section 3.2.1, the pattern of

these distributions was calculated for k = 0 and I

and it is straightforward to generalize these results.

However, far most practical purposes, the m_pli_

distribution can be approximated with a constant

cos _ . If the polarization is parallel with

the axis of the cylinder_ then the feed pattern,

for uniform dlstribu_on is given by (46) and fc_

distribution from (27), (41) and (42).

where rF and _q_ are defined on Fig. 12.

Equations (46) and (157) give satisfactory design

formulas for the cylindrical (plane) problem, however,
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most practical antenna system employs axially

s_metrical paraboloid reflectors. In these cases,

the note complicated formulas of the spherical

problem (See Section 3.2.2) should be used to

calculate the feed pattern.

Forte_ate]_y in several practical cases, it is satis-

factory to deternflne _e _oaperture efficiency snd S

suppression of the antenna system. Then, an approxi-

mate _ethod can be used based on the assumption that

one of the patterns expressed by (46) and plotted in

Fig. (12) is the circularly sy_etrical pattern of the

feed system. This method can be Justified by _he

error-eliHinating effect of the integration necessary

to calculate _o and S.

Fig. 25 shows, in this somewhat hypothetical case, the

variation of _o and S with the _q£ _perture aDgle

fGr _ ,_= 1,5_ and 6.04 while _ =. _ o •

As the figure indicates, for a given set of Q_ and _=

the aperture efficiency has a maxinmm. The existence

of this _ is determined by the aperture tapering

and spillover radiation and is affected by the aperture

blocking of the feed system. With increasin@ pr_

reflector size, the uniformity in the aperture distribution

of the parabolold increases in the outer range of the

aperture, but decreases in the center because of the
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zperture blocking. If the primary reflector size is

very large, the effect of the aperture blocking pre-

dominates.

5.2 Radiation through a Wire Gratings Reflector.

It was mentioned in section 5.1 that a convenient

feed pa_tern can be produced by a hyperbola

cylinder reflector and the far field of this

reflector can be calculated on the basis of a

radiating circular apertare. A sn_ewhat similar

sT_tem exists in the case of a wire gratings

reflector.

Suppose, that a feed illuminates a non-perfect

reflector from the focal point, then this

reflector will transmit a part of the incident wave,

depending on the attenuation c_ of the wire

gratings. If attenuation is independent of _ ,

then the field along the rear side of the paraboloid

will be proportional to the feed pattern. In the

practical case, the size of the paraboloid is large

relative to the wavelength. Then, the field, with

the exception of the _ =_n range, can be cal-

culated, using the method of geometrical optics, along

a circle close to the rear surface of the parabolo_d

Neglecting the refraction through the wire gratings,

the phase of this field will be constant along this

aperture. According to (62), this aperture dis-

tribution produces a far field proportional with



The far field will be constant for

and q"%e < @ < _

= =

It will be less for _q_ < _ < _p assuming

that the feed pattern agrees with Fig. IO. For

instance, if the antenna system has a gain of

30 db and the feed system itself I0 db, then

c_ = 5-0 db is required to obtain _v_ " -70 db

( _ = - _Od_). At the same time, a feed pattern

with a very sharp and effective "cut-off" has to be

employed.

Large c< can be achieved by using -

a) a relatively dense wire gratings

b) doable-wall wire gratings

c) solid reflector.

The aperture blocking of the primary reflector causes

physical limitation in the case of low and medium gain

antennas. The feed pattern with a sharp cutoff can

not b_ realised for _ < i'K On the other hand,
-- _ "

if the required gain is 50 db, the atteramation

c_ . 30 db already produces F_,,G' --70 &.

o< = 30 d_ can be realised with a light wire

gratings. The higher gain (larger aperture size)
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,?

permits the size of a larger primary reflector add

the requirement of a sharp feed pattern cutoff is

less severe. In this case, the aperture angle can

be considerably smaller than _ .

The lower value of _ results in lower thermal

radiation from the reflector. Thus, in the hypo-

thetical case, when no spi]_lover and edge current

radiation contributes to the back radiation of the

antenna, the noise temperature of the antenna as a

function of the wire separation has a minimum.

Fig. 23 indicates the variation of TAR + TAG with

L
'2.-"_ for G F = 8 , u/,_ = 52. o, _.__27o T=_,OO_K.

_e Currents

It was shown in the previous paragraph that the

epillover radiation of the feed system and the

transmission through the wire gratings decrease as

the spertsre size of the parabola increases. Thus,

in high gain antenna systems, .the rear side currents

may become the major source of back radiation.

It is not the aim of the present study to discuss the

relationship between the feed pattern, the geometry

of the reflector and the complex amplitude of the rear

current. However, it is physically obvious that the

effect of the rear current can be decreased if the

power associated with this current absorbed or

radiated into the _ . The_ O __q_ hemisphere 25)



first solution is not recommended when low thermal

noise has to be observed, because an_ resistive loss

in the antenna increases the noise temperature of the

system. A solution using the second method is indicated

in Fig. 25. In this arrangement, the last section of

the p_raboloid is modified into a corrugated surface-

wave transmission line. If the depth of the

corrugations is _/_ , then this transmission line

has a large surface impedance and no 26, 27) currents

can be propagated in the direction of _ . This

systeu is narrow banded, but considerable bandwidth can

be obtained at the expense of effectiveness, if the

depth of the corrugations is varied. To limit the

required length of the corrugated line, both sides of

the paraboloid can be uti]_ed. The radiation of the

rear side can be directed into the forward hemisphere

by means of a reflecting plate or parasitic radiator26).

The radiation into the rear hemisphere can be calculated

from the formulas given for the diffracted field of the

current element (see sectio_ 3.2.2).

__h_ _.I_.I._0m__ as_aV__m_sthat no clrcumferen_ial current,

flows on the reflector. However, this is the practical

case, since the circ-mference of the reflector is large,

add it is possible to build up a long, radially cor-

rugated surface wave line at the edge of the reflector

to eliminate the radial currents. On the other hand,
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the length of the circumferential corrugated line,

indicated on Fig. 25 should be restricted to a short

length to avoid considerable increase in the

reflector cost. The far field can be calculated from

(77) and (78). If & < )_ then the absolute

value of the field is propor_onal to

IEol' (e-.o.) 3-o o

+ _l__ 3",(__i_e _..

If _>A
but = <4 v-

(159)

If the currents are limited to a narrow strip with

a width c_ _ on the rear side of the parabolcld,

the pattern shape is determined by r rather than

Then it is worth while to place another ring source

(:_o)

with a ra_us of r, but shifted along the axis of the

paraboloid reflector, relative to the strip line.

This second ring source can be a system of half-wave

dipoles with parasitic excitement. By controlling

the amplitude and phase of these dipoles, the

radiation of the edge currents can be decreased in the
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5.4

whole rear hemisphere.

Determination of "the Optimum Antenna

Parameters for a Given Aperture Size°

An antenna for a space commulication system can be

defined to be optimum if it results in the maximum

possible range for a given cost. It is difficult

to estimate the cost of the antenna mathematically,

but it is obvious that the cost of the antenna

system increases with <_Qp while D_ is fixed.

An approximate analysis shows that the cost of a

large paraboloid reflector varies as

C = ,_ I

where _ is _he surface of the paraboloid and A°

is the aperture area. The c = c ( _p ) functicm

is indicated in Fig. 9.

(161)

The range of the communication system is prgportional

_O

I lR oc K ÷S

where K is a constant (See 26).

Combining (161) and (162), the range/unit cost

(162)

t

c t& _r
(163)
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In the last equation, the first factor is only a function of _q_

while _o and S are functions of _p and the characteristics

of the feed system ( _F , _ _ ). The curves given in

Fig. 12 cover a wide range of practical feed patterns. In

each case, the aperture efficiency _o and suppression S

can be determined as a function of _4p and then the R
c

function can be plotted. Fig. 25 shows the typical curves

far _q_ = 60o, while _x = 1.52 and 6.04. The digra.

indicates, that the optimum range/unit cost occurs at larger

_qp than the op_ cf the aperture efficiency.

Cormecting the maxima of the _c functions for various

or for various _aF , a curve can be obtained, which shews

the optimum combinations of _p, _ and _A for the

best _c value. This graph is shown on Fig. 26, which can be •

called as the design diagrma of the space antenna.

Throughout this calculation, the following assumptions were

made to calculate the value of K.

TABLE

D x

f

m

"Rec

TAL =

TAR

Ts -

2
1

5o

!0.4' OK (.wa_ser)

1.5°z (PLDR=

0.6 °z ( _ =o.i)

2.5 °Z (Zig. 3)

With these values K = 0.I
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The _> I line in Fig. 26 indicates the maxi=mm possible

range/umit cost with the assumed feed system. This theoretical

limiting case can be approached only if the size of the

secondary reflector (D A ) is very large. According to Fig. 5

in reference 19, the aperture efficiency (gain) increases until

_x However, the_ the side lobe attenuation< .
is less than 19 db, which cannot always be tolerated. If

d x _ _ then the gain of the anter_a is only I db

less than the possible _ and the side lobe attennation

is in the order of 26 db.

According to Fig. 26, the range/unit cost has its maximma

between 66-80 ° if the size of the feed system is small. This

is the case of the conventional (horn type) feed system. On

the other hand, the aperture angle can be considerably decreased

if _ _ is large.

The use of the design diagram can be shown in an example.

Let us suppose that a paraboloid reflector is given with an

_rbxre angle _p= 60 °, and a diameter of D - 85 at

f - 1_000 mc/s. From the D A __ _Od_requlrement, d_ = 8._

can be selected. Then _ = 5._ and _qF = 520 determines the

point P, along the _qp = 60° llne which results in the maxlmm

possible dx and the maximum possible _ = 1.84. According to

Fig. 26, this geometry results in _o = 84%, S - 7% and

TAG = lO'5°K" According to Table 2, the total noise temperature

° K.

On the other hand, the design diagra shows that about TA6 = 1.6°K

(I"_T - 6 ° ) can be obtained if _,p iS in the optiimil range

(',toqp 72 ° )
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@ C_CLUSICNS

An analysis cf the ground antenna problems of space communications

systems shows that the maximmm range of a large antenna can be

limited by the antenna noise rather than by the gain redncing

character of the reflector in accuracy. The noise sources of

a high gain paraboloid antenna can be divided into external

(sky, ground) and internal (thermal radiation of the reflector,

noise caused by the finite antem_a loss resistance) components.

The only way to decrease the celestial noise is to decrease the

wavelength. The "grunnd noise" decreases with the emissivity

of the ground surface and by the antenna suppression (radiation

relative to the isotropic source) toward the ground. The

reflector noise can be reduced by increasing the optical

transparency of the reflector and the "resistive noise" can be

decreased by eliminating the feeder line between the receiver

and the feed point.

Among the various sources, back radiation results in the largest

single noise component. This is caused by the spillever radia-

tion of the feed, the currents on the rear surface of the

paraboloid and the radiation through the reflector if it is a

wire gratings. Mathematical calculations show that this

radiation can be suppressed and a special feed pattern can be

suggested to reduce the spillover radiation for aperture angles

less than 90° . No experimental data is presented about the sug-

gested feed system in this paper, but reference is given to
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another work by the author, in which a large front to back

ratio was obtained by the suggested feed system.

By utilizing the described methods, it would appear feasible

to obtain antenna noise temperatares in the order of 10°K or

less.
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I_ST OF SYMBOI_

C_ m

C<_ m

A_ -

A o -

Ap "

A s -

A. r -

C

C

M-

dA-

dA,-

E ,,,

_o "

i .
FQvG

Attenuation.

Angle be_een the normal of the radia_ng surface
and the direction of the receiving antenna.

Qe_etrical aperture of the feed horn.

Projected geometrical area of the wire reflector

Aperture area.

Surface of the paraboloid.

Projected geometrical area of the solid reflector°

Effective antenna area of the space station.

2V
----- - Propagation factor.

Velocity of _he light.

•"r .p.,.A. T

.
x _c

Receiver bandwidt_

_D
-- = Diameter of the ground antenna aperture
A expressed in wavelength.

Elementary receiver antenna surface.

Elementary radiating surface.

Eaissivity of _he gray body.

EIissivit_ of the ground.

Emissivity of the reflector.

Aperture efficiency of the feed horn.

Aperture effici_cy of the perfect paraboloid.

Radiation pattern of the elementary Huygens source in

the aperture at __W angle.

Power directional pattern of the receiver antenna.

Average power radiation toward the ground.

Relative bandwidth of _he receiver.



k =

L

f g

_xt =

% -

P.o"

Power dlrecticnal pattern of the elementary Huygens

source.

Power pattern of the feed system.

Reflection coefficient of the ground°

Gain of the feed system.

Geometrical factor of the wire gratings.

Geometrical factar of the solid reflector.

Screening factor.

- Z_
Boltzman constant - I58 IO w_/oK

Wavelength.

Distance between two wires of the grating.

Perpendicular distance between a given point in the

space and the plane of the wires.

Permeability.

D

Specified signal to noise ratio.

Noise power of a receiving system, introduced by
external sources.

Total instantaneous power radiated by the wire gratings°

Loss power of the antenna.

Total noise power in the receiving systa..

Noise power of the los sy antenna.

Noise power of the lossless antenna.

Specified receiver power for satisfactory c0mmxnication.

Time average of the noise power radiated by a corrugated

solid reflector.

Transmitter power.

Time average of the noise power from the wire gratings.

Radius of the wire.



? I

g

f

_L m

$ -

t .

T mm

\-

_=

YAL =

e_ am

_ =

%_ "

%p"

Aperture radius.

Distance between t_radiating surface and the receiving

antenna.

Distanc. _e_een the ground antenna and the space station.

Loss resistance of _he antenna.

Radiation resistance of the antenna.

Skin resistance of the wire.

Radiation suppression of the antenna.

Noise power ratio of the lossy to the lossless antenna.

Root mean square deviation of the reflector from the

exact paraboloid.

Absolute temperature of the radiating surface.

Apparent temperature of _he antenna.

External noise temperature of the antenna system.

Internal noise t_uperature of the antenna system.

Apparent temperature of the lossy an_ma.

Apparent tauperature of the ground.

Apparent noise temperature of the reflector.

Ther_ical temperature of the ground.

Absolute temperature of the reflector.

The receiver noise temperature.

_uparen_ sky .........._,= _u in the _---_ _-- _-_ _,,_m,_n
beta.

Total apparent noise temperature of the receiving syst_R.

Aperture angle.

Aperture angle of the feed reflector.

Aper_are angle of the paraboloid.
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up

Solid angle.

Equivalent beam cross-section of the antenna.

Solid angle of the lower h_misphere.

Solid angle of the upper hemisphere.
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GROUND ANTENNA PARAMETERS

EFFECTING THE RANGE

OF A

SPACE COMMUNICATION SYSTEM

S U M M A R Y

A comparison between electrical and mechanical characteristics of

different antenna systems shows that considerable improvement can

be obtained by the application of a Cassegrain feed for the present

_Qp = gl ° aperture angle paraboloid. An increase in the
aperture angle will result in futher improvement, but this increase

is not economical under the present circumstances.

The detailed geometry of two antenna arrangements is calculated, one

for 960 mc/s, one for 2400 _c/s, both using _Qp = 6/° These

arrangements using a so-called cross-horn type feed system which is

theoretically satisfactory for both listening and tracking mode of

operation.

Finally some recommendations are made for a short term exnerimental
study and for a lon_ term theoretical and experimental research.
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@ GENERAL CONS_H_S

The first part of this study indicated that 9 for a given paraboloid

antenna, a Cassegrain type feed system yields a higher aperture efficiency_

lower back radiation (noise temperature), and lower feeder loss than does

an equivalent conventional horn feed system.

According to Fig. 26, the optimum aperture angle of the paraboloid• _4p

and the geometrical parameters of the hyperbolic reflector, ( _QF , c_ )

can be determined when a value for the aperture size, _% , is fixed.

If both _ and _p are fixBd the _ possible range / unit cost

L _JM_l • for the antenna gener _ally cannot be obt___ued. However,figure,

it is still possible to determ_ _A and _aF in such a way that the

figure of merit is the largest possible _thin the given circumstances.

This range per unit cost value will be indicated as _ o . Obviously,

The following aspects of this problem will be discussed:

A) Comparison of different antenna arrangements, using 85 ft. diameter

paraboloids.

B) Realization of the feed system required.

C) Recommendation for further work.

o COMPARISON 01:: DIFFERENT ANTENNA ARRAE_EHENTS USINQ THE SAME D - 85 FT
D'_"£_ PA]_BOI_ID

In Table 3, the most inportant electrical and mechanical characteristics

of six different antenna arrangements are c_apared. (See also Fig. 27)

This table assumes a constant paraboloid diameter, with feed systems and

operation wavelengths being varied.
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The different systems to be considered may be grouped as follows :

A) Present feed arrangement at Goldstone

Station (four-turnstile feed_

B) Cassegrain feed,

C) Cassegrain feed, optimum _qp ,

D) Cassegrain feed,

E) Cassegrain feed, optlmum _ep,

F) Classical (horn) feed, optimum _p

_p - 61°, f = 96o _/s.

_e " 61°, f " 960 ac/s.

_p= 69_, f = 960 =c/s.

%p = 61°, f = 24OOmc/s.

• =r" 6S_ f = 2_oo=c/s.

_,op So; f - 2_o ,=/s.

The data for Table 3 was calculated from published characteristics of the

Goldstone Station and from calculations based on the first part of this

study. A Maser receiver with TRec = lO.4°K was assumed in each arrangement

for the calculation of the R/C values.

A few ccemnents might serve to clarify Table 3.

A) Present an.tennao f = 960 mC/s.

By considering the theoretical pattern of the turnstile feed* calculated

values of _@=v = 55.5 db and S - 0.286 give an R/C of O.9_.

These values indicate that relatively high power is radiated toward the

ground; mainly as a result of the spillover radiation of the feed.

The peak value of the power in the _=_ ___ _ 80° range can be

estimated at 5:5 db. higher than F_v . This is the result of

an approximately 3.5 db. increase, caused by the difference between

the peak and effective values of the field in the _(_p __ _ __ B O o

range

* Or the published noise taaperature data.
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and a 2 db difference, as the field in the 0 _- _ _--Yap range

probably may be neglected. Thus the peak side lobe power in the

spillover region can be estimated as about 50 db. below the main lobe

level, which, according to our knowledge, iS the spprcmimate level

of radiation in the spillover range.

This agreement is quite noticeable, since at present, this is the

only available experimental data which verifies the theoretical con-

siderations of Part I.

The relatively high spillover radiation most likely overrides all

other _j_ypesof radiation into ÷_herear hamisphere. __us, in this

system, the contribution of rear (edge) currents can be neglected as

far as noise temperature is concerned. Obviously, in systems where

the spillover radiation is reduced, the effect of rear currents might

be the limiting component in the total noise temperature.

Another noticeable characteristic of the present sntenna is the

relatively low aperture efficiency. According to the published data,

this lower value is a result of the amplitude distribution in the

aperture (caused by the special feed pattern), and not of the phase

distribution in the aperbAre (c_ased by the inaccuracy of the

reflector).

D

B) Casse_rain Feed, _ = 61°

As the theoretical considerations have shown, improvement in the

present antenna may be obtained by :

a) increasing the aperture efficiency,

b) decreasing the noise temperature.

The example in Section 5.4 indicated that values cf _o - 8_%,

TAT - 14.9°K and R/C - 1.84 can be achieved by employing a
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spherical primary aperture with _× = 5.4 , _OF = _o _d d_= @6g.

To further improve the aperture efficiency and decrease the noise

temperature t $ x may be increased. Unfortunately, this method inherent-

ly raises the side lobes which are close to the main beam.

As an ezmmple, what can be expected, Fig.28 indicates the variation

of aperture efficiency, noise temperatmre, and level of first side lobes

as a funct_.on of d_ for D_ - 82.7, ?Qp- 70 °.

The spherical cup primary aperture can be realized by several means

in practice. Probably the simplest form is a solid, Cassegrain type

reflector, in which case the _ge / unit cost figure can be_ in-

creased at the expense of the side lobe attenuation.

This method might prove tolerable in the appropriate application.

However, it should be noted that the larger side lobe level mear

_he maim beam may increase the noise temperature if the orbit of the

s_ace object is in the meighborhood of the Sun, or other planets

which are reflecting serious amoumts of solar radiation.

applications where high aperture efficiency and low noise temp-

erature mast be accompanied by low side lobe level, the screenimg

effect of the primary reflector mmst be eliminated by some other

28, 29)

It should be emphasized that the aperture efficiency and noise temp-

----J-.--- J..u. a-- J.._'q- '_ _.,_ ,-,,.,'1,_,,,"1,,,4._,,4 ,Pq,wwn 111'4_,,. _ v_,4_, _v_ Jt

s_mwhat ideal case.

this the aperture distribution is ass_aed constant over the aper-

ture sphere of the feed system. Actually, the aperture distribution

decreases with _ . This tapering is caused by the pattern shape

of the illuminating feed horn and by space attenuation between the

radiation centre of the horm, and different points of the hyperboloid
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reflector surface. This tapering will have three major effects •

i. The aperture efficiency of _he antenna system will be

decreased.

,_andsystem°f
the feed

2. The spillover radiati hence the noise temperature,

will be increased.

3. The side lobes close to the main beam will be decreased.

According to Fig. 26, the noise temperature component c_sed by the ground can

be as low as l°K. (This occurs for instance, when _o_ = 7209

_ = 4.28 and _F = 70o)" in that case, TAG is negligible relative

to the receiver noise temperature, or to the sum of the other noise

components .*

(Casse_rain Feeds, Freq. 2400 mc/s)

These two arrangements are equivalent to the B and C arrangements,

but are considered at 2400 mc/s. The gain is, of course, larger

in this case. The most important special _haracteristic of the

system is, however, that the screening effect of the primary reflector

becomes smaller.

Assuming the presently available _p = 61°, but increasing the frequency

to f - 2400 mc/s, the radius of the spherical cup aperture will

@ (_mong these other components, the noise temperature

corresponding to the edge currents was not analyzed

in the study. No definite value for these effects

is available at present, but these currents very

likely cause more t.han l°K increase in noise tempera-

 re).



be _x = 10.8. This results in a TAG = 6°K (compared to lO.4°K

at IOOOmc/s.). Accordingly, the total apparent antenna temperature

R
will be decreased from 15° K to 10.6°K. The - figure increases to

C

2.08, while the aperture diameter increases to about DA = 206. This

produces an approximately 7 dh. increase in gain, assuming that a

SO)
0.25 rms. surface error along the paraboloid surface exists. . The

total increase in range relative to the oresent (Case A) conditions

2.08

will be 2.25 X 4.98

F. Front Feed Paraboloid

Table 3 includes the most important data for a corresponding (classical)

horn feed paraboloid.

The size of the feed horn was determined to give equal E and H plane

beamwidths. The directivity of the horn and the aoerture angle of the

paraboloid were determined so as to optimize the R/C value of the system.

The aperture efficiency and the ground component of noise temperature

were calculated as well. From Table 3, it is evident that this system

has many inferiorities in comparison to the Cassegrain system. (Low aoer-

ture efficiency, very large aperture an_le). In this case, however,

the screening effect is very small.
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o PRACT]DAL REALIZATION OF THE FEED SYST_q

The terminology to be used throughout the following discussion is given

in Fig. 29. According to the drawing, the most primary part of the

antenna is the ham assembly. The Cassegrain reflector, referred to

as a "primary reflector" has a nominal hyperbolic shape unless other-

wise specified. The horn assembly and primary reflector together con-

stitute a "feed s_stem., as it serves to feed the "secondary reflector"

which is a paraboloid section unless otherwise specified. The com-

bination of feed system and secondary reflector comprise the "antenna

system". According to the three well-distinguishable parts of the

system, individual reference will be made to the radiation pattern of

the horn, feed system, and complete antenna system.

9.1 Realization of the Horn Assembl_

Ideally, the horn (or horns) assembly must meet the following

A:

requirements :

I. Shall receive (or transmit) any polarizations from clock-

wise to counterclockwise circularly or elliptically polarized

waves o

2. Shall provide listening or tracking (multilobe) mode of

operation. Should it not be possible to provide a lossless

electronic or mechanical switch, the horn assembly must be

easily interchangeable to solve the above problems.

3. The horn assembly should provide uniform illumination along

the hyperbolic reflector, which approximates the theoretically

"ideal" amplitude distribution along the "spherical feed

aperture".

4. The length of transmission line shall be a mini,ram to reduce

feeder loss.

5. The input _ shall be smallj but only in a narrow bandwidth.



In consideration for a transmitter antenna, a high VSWR may

cause power loss and limitations in power handling capacity.

For receiver antennas, the very low VSWR is advantageous as

it may be possible to eliminate the lossy isolator at the

Maser. Some of the ideal requirements are obviously con-

tradictory to each other. The automatic change of polariza-

tion requires a switch, which introduces losses. This

problem may be reduced in part, as the accessible location

of the ham assembly would permit the use of a low-loss liquid

nitrogen-cooled switching system. The simultaneous listening

and tracking requirement necessitates a campramise in the gain,

which is not always tolerable. Fortunately, the Cassegrain-

type arrangement reduces the difference between listening and

t_racking modes. (See below). The short length of transmission

line is a characteristic of the Cassegrsin system, though there

are deviations from the optimum, depending on the system l_out.

It is not mechanically conveniemt to place the receiver head

deep within the reflector far fram the vertex of the paraboloid.

If the receiver is vertex-mounted, with the horn assembly mounted

directly on the receiver, an excessively large horn is needed.

This increase in horn size results in large horn gain with con-

sequemt high level of wide angle side lobes. If a length of

transmission line is used between the receiver and horn, the loss

is appreciably increased.

Based on the above consideration, a so-called "cross-horn" system

can be used to meet the above requirements. Fig. 30 indicates

the development of the individual horn and the four-horn assembly.

One individual horn may support two independent orthogonal polariza-



tions. The generation of the horn shape may be followed in

Fig. 30a and b.

Fig. 30a shows an ordinary rectangular horn for which the a and

b dimensions are selected such that the 3 db. beamwidth in the

E and H planes are the sane. If a part of the top and bottom

sections of this horn is replaced by short circuited wavegaides

which are in cutoff for the vertically polarized field, _he

original radiation pattern will be changed very little.

Furthermore, the radiation pattern will be practically unchanged

if horizontal fins are introduced into the horizontal section of

the horn (Fig. 30b).

_he resulting system is symnetrical in two planes, so a similar

reasoning is valid for the horizontally polarized wave. By

proper selection of the geometry of the fins, the E and H plane

beamrldths may be made equal for both polarizations. If the

vertical and horizontal polarizations are excited within the

horns by two mutually perpendicular probes, and the relative

phase between the probes is variable in the range +90 ° to -90 °,

the horn can radiate a right or left circularly polarized wave.

The front view of a 4-horn system is shown in Fig. 31. Fig. 31a

indicates an arrangement in which the hums are set into the sides

of each other, the eross shape being utilized to decrease the

distance between the individual centers of radiation. The system

shown in Fig. 31b is basically similar, but the outside of the horns

has been slightly modified to further decrease the distance between

the horns. Variations in fin size _ast be made to compensate for the

change in the radiation patterns of individual horns.

The last step in the development of the horn system is to fix the
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relative positions of the horn axes. If these axes are on a

cylindrical surface, the maximum of the resultant pattern will

be along the axis of _he horn system. This produces extensive

tapering in the field along the surface of the hyperboloid.

The tapering can be reduced, and the spillover radiation

maintained at the same level if the axes of the horns are on

a conical surface and the aperture size of horns is increased

at the same time. (Fig. 31c). The characteristics of the

patterns for parallel and conically-mounted horns are indicated

in Fig. 32.

In Fig. 32, the patterns are for in-phase feed horns. If the

horns are out of phase, individual apertures may be considered

separately, each horn producing a separate main beam in the

secondary pattern. The position of _he lobes in the maltilobe

pattern is basically determined by the aperture size of the

horns and by the geometry of the hyperboloid reflector. (See

later). At the same time, the side-lobe energy will be

increased in maltilobe operation, csasing a decrease in the gain.

The input terminals of the horns can be combined by a hybrid

network as is described in Refereace i.

The aperture size of the individual horns _S not critical with

respect to overall aperture efficiency and noise temperature,

and can be about O._ to 1.5 _. An increase in the aperture

size of the horn makes it possible to increase the distance "A"

between the center of the horn system FH and the focal point of

the paraboloid Fp . This shortens the transmission lines

between the horn and feed point, assuming that the receiver head

is at the vertex of the paraboloid. However, with larger
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aperture sizes, the phase center of the imdivid_al horns moves

further out from %he axis of %he paraboloid, thus increasing

the %racking loss during msltilobe operation. An even more

serious limitation exists in the increased spillover radiation

of the horns.

The size of one horn (a) and the focal length of the hyperboloid

(A) can be determined from the more important limitations.

As will be shown later, one very important characteristic of the

hyperboloid reflector is that it reduces the distance between the

effective phase center of radiation from _he systmn axis (_ R) in

mult_lobe operation (See Fig. 33). This property of a hyperboloid

makes possible the application of a relatively ]_rge ZIH, hence

also a large horn aperture.

Suppose that 3 db. reduction in gain can be tolerated during tracking.

Then the beam will be off-centered by _ = c_/2, where c< is the
J

3 db. beam_idth of the main beam. But o< = _ DA

F represents the focal distance of %he paraboloid.

Then

F
_R

Assuming _ - 70%, F - 36 feet and D - 85 feet, the calculated

value of Z_. O.255.

As Fig. hl indicates for hyp_boloids with eccentricity about 0.8,

the __Z_ ratio is in the order of 3. Thus, the center of radiation

of one horn can be /IR - 0.75A.
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The maximum size of one horn aperture therefore can be as large

as about _A_ = 15A , which is satisfactory for most practical

purposes.

During the listening mode of operation, the four circularly

polarized hums radiate in phase and perform as one large aperture.

On this aperture, the amplitude distribution approximates more

closely, the constant amplitude distribution (highest possible

aperture efficiency) than does a single horn of similar size.

At the same time, the phase distribution is "pyramidal", and

the centre of radiation is along the axis of the horn assembly

behind the horn aperture. Fig. 34 compares the amplitude

distribution of three horn arrangements :

a) One large horn

b) The 4-horn system with parallel axes.

c) 4-horn systa, with rotated horn axes.

The figure indicates _hat the rotation improves the overall symmetry as

well.

The primary reflector is in the transition range between the Fresnel

and Fraunhofer field. One characteristic of this "quasi" near field

is that it is more uniform within a certain angular range and that it

drops more rapidly outside this range than the Fraunhofer field. At

the same time, the curvature of the radiated phase front is not cir-

cular in the range of _he primary reflector and the radius of curvat-

ure of the phase front at any point along a propagating primary ray is

larger than in the far field. This fact can be taken into account by

correcting the shape of the primary reflector (see later), or, as a

first approximation, by moving the horn systen closer to the primary

reflector, than was calculated from the Faunhofer theory.

The best approach is to design the primary reflector after the
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9.2

exact _plit_de and phase p_ttern of the horn assembly is known.

Realization of the Primary R.eflector

9.2.1 Determination of Basic Data.

Accordi_ to the previc_s discussions_ a horn and a Cassegrain

type (primary) reflector provides a simple approximation of the

theoretically desired feed system. It was proven that very

low noise t_aperature and high aperture efficiency can be

obtained if the paraboloid reflector is illuminated by a

spherical aper_Are in which the aperture distribution is

constant.

Unfor_umtely, it is difficult to approach such a uniform

amplitude distribution along a spherical aperture and any

deviation from this distribution luwers the aperture

efficiency and increases the noise temperature of _he

antenna.

In the following, the characteristics of the axially syn_etrical

hyperboloid reflector will be analyzed in sure detail.

Fig. 35 shows a set of hyperbola contours, which are the

axial intersections of such a set of hyperbcloid reflectors.

A finite hyperbolu section is determined by three parameters,

B
namely the focal distance A, eccentricity X and by the maximum

diameter d, perpendicular t_ _e _ir_ a_s.

From the geometrical characteristics of the hyperbola, it

follows that a point source radia_on centered in one focal point

(FH) will be reflected as if it had been radiated from the other

focal point (Fp). The notation refers to the fact that, in

microwave antenna applications 9 the first focal point should

coincide with the radiation center of the horn and the second
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with the focal point of the paraboloid. _his assumes

that the hyperboloid reflector is the primary source of a

parab oloid reflector.

Fig. 35 indicates _he following basic characteristics :

i. The reflector is concave for O< _ _ ½ and

convex for } <_ < I. From this, it follows

that the angle between a ray and the axis

of the reflector will be reduced by the

reflectur, when B < } and magnified if

> ½. Th, ray,whim

hyperboloidal reflector is particularly

interesting. This ray encloses

and F- _ angle s wi _ the axis before and

after reflection respectively. (See Fig. _ ).

This ratio is often termed the magnification

of the hyperboloid reflector, al_hough the

ratio of the incoming and outgoing angles

varies along the reflector.

2. The reflector has to intercept the largest

possible amount of the horn radiation. From

this point of view, the radiation towards and

beyond _ -_---_ b- ne_1_!ig_g_ble(See Fig. 37).

On the other hand, the extensive tapering along

the reflector, which is increased by the

geometrical characteristics of the hyperboloid

reflector (See Fig. 38 ), decreases the aperture

efficiency of the antenna system. The maxisam

overall gain occurs usually when the radiation
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toward _ is about -3 _ -4 db. relative to the _Lxlmum

radiation. From this requirement, it follows that the
B

directivity of the horn should be increased as X increases,

assuming constant reflector diameter.

that, by increasing _, the horn aperture3. From the fact

increases also, it follows that the hyperboloid reflector

is always in the near (or transitional) field of the horn.

This increases the difficulty of the precise reflector

design, but otherwise, has the electrical advantage that

the field decreases more r_pidly beyor_ the angle _ s

than it does in the far field. (See Fig. 39 ).

4. Besides the t_pering caused by the radiation pattern of

the horn, the hyperboloid itself further modifies the

pattern. The modifica_on mainly consists of _he afore-

mentioned mgnificatiou, but the shape of the pattern

itself changes slightly as well. Fig. 40 shows the

pattern shape before and after reflection for various

B
X, calculated on the basis of geometrical optics.

d
X = constant was assumed in this calculation and the aperture

of the horn was varied to maintain -3 db. at the edge of the

hyperboloid reflector.

5. If the radiation center of the horn does not coincide with

the first focal point of the hyperbolQ, then the reflected

wave is not exactly spherical. At an infinite distance from

the hyperboloid reflector, obviously only the spherical wave

component remains. The paraboloid, however, is in the near

field.

Generally, if a point source is at A H distance from the
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axis of the hyperbola, the reflected rays no longer have

a single phase center and the "image" of the horn radiation

will be blurred. (See Fig. 33). The defocussing(astigmatisa)

increases with _H if _ is fixed or increases with B if _H

is fixed.

However, for many practical purposes, the image can be

approximated by a single point (F_) which is the average

radiation center of all the rays. The distance

w

FpF_ - A will determine the smount of linear phase error,

which will be introduced into the aperture of the paraboloid

and thus will determine the direction cf the main beam.

- F' F _ distance, on the other hand,
p-@ P÷e

characterizes the smount of astigmatism in the aperture

The

distribution of the paraboloid. For an ideal system

A--R<< I, however _ can be quite close to unity if _ or
A R

d is large.

Another important characteristic of the hyperboloid reflector

in tracking systems is that _ can be either larger or smaller

than _ H" In the more important practical case, B > ½, when
A

_R

_H is _aller than unity. This very important fact makes

possible the use of relatively large horn systems (4 horns for

instance) for tracking pu_pos¢_, -__th___tintroducing a large

A R and thus too large beam off-centering.

Fig. 41 shows the relationship between _ and the r -
B _

reducing factor for different X values. The reduction factor

expresses how many t_mes larger off-centering can be employed

at the horn aperture than if the horn system would be directly

in the focal plane of the paraboloid.
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. Some rays reflected from the hyperbolcidal mirror will

re-enter into the horn and will cause a standing wave in

the feed line. In narrow frequency bend systems, this

fact is less interesting because the reflected wave can be

compensated easily in the feed line. Nevertheless, this

fact is also interesting from the radiation standpoint,

because the center part of the hyperboloid reflector

does not contribute to the radiation of the feed system

and a minimum occurs in the pattern of the feed toward

t_.eparaboloid along its axis. This minimum increases

the aperture efficiency of the system, but inherently

increases the side lobe level also. be amount of

B
reflected power into the horn increases as _ decreases.

On the basis of the above considerations, it is new

possible to determine the three design parsmeters ef

The selection of A is not critical. The usual practical

value is A = _ where F is the focal distance of the paraboloid.

If A is larger than this value, then a large primary aperture

is required. _lis increases the wide angle side-lobe level.

If A is too small, then the transmission llne losses are larger.

With A = _, the input of the hor,_ can bc close +.o the vertex

of the paraboloid, which is the most convenient place for the

receiver head.

In some systems, where particularly low first side lobes are

required, A can be a parameter because its value expressed in

has some effect on the aperture distribution in the

paraboloid aperture. However, for the time being, this detail

will not be discussed.
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F
In the following A = _ = 18 ft. will be assumed. Two

particular cases will be investigated in all interesting

practical detail.

a) An improvement of the present Goldstone

Station at f = 960 mc/s. (_p= 61 °,

_qF" 520, dk = 6.65, Case B in Table 3).

b) The present Goldstone Station with a feed

designed to f - 2400 mc/s. (_p = 61 °,

_aF= 55°, dx = 15.4, Case D in Table 3).

B
The selection of the X ratio involves some consideration.

Strictly from the mechanical point of view, the _,aller

B ratio is advantageous because it reduces the length of
A

the reflector s_pporting rods. On the other hand, this

is not the deciding factor, because the stability of the

positAon can be reduced as _ increases. Thisreflector

is caused by the fact that a decrease in the reduction

factor r makes the reflector posi_on less critical.

On the other hand, the intersection of the required aperture

angle direction _F with the given d A lines (see Fig. 35)

determines the endpoint of the reflector and of the required

hyperpoluid (_).

give_. In the following examples, the feed horn apertures

were determined from a requirement that the horn radiation

is -4.4 db. toward the _ direction. This results in

about 0.5 db spillover loss, approximately 30 db. spillover

sidelobes and a tapering in the paraboloid aperture which is

accompanied by about 70% overall aperture efficiency.
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It is interesting to note that the control of the size of

the horn aperture gives a possibility uf varying the sidelobes

and gain of the antenna system. When the antenna is pointed

toward zenith, the_ relatively large first sidelobes can be

tolerated and the maximum gain results in maximum overall

signal to noise ratio. In this position, the horn aperture

can be relatively small to provide a nearly constant

illumination along the hyperboloid reflector.

When the antenna is directed horizontally, the nearby side-

lobes cause a rapid increase in the antenna noise temperature.

In this position, better signal/noise ratio can be obtained

by redncing gain and l_ering side lobe level. Both the spill-

over sidelobes and "normal" sidelobes are reduced if the feed

produces more tepering along the hyperboloidal reflector.

This can be obtained by using a larger horn aperture.

The horn aperture size can be easily controlled by varying the

side walls. (See Fig. 42). Actually, the sidelobe attenuatAon

can be made a function of the antenna position.

Once the system geometry is fixed, the field distribution in

the paraboloid aperture can be calculated and from the aperture

distribution, a more accurate pattern analysis can be made.

Fig. 43 indicates the aperture distribution in three different

antenna arrangements (constant illumination along _he spherical

cup aperture, parallel horn system with a hyperboloid reflector,

rotated horn system with a hyperboloid reflector). In all

cases, the aperture distribution was calculated from the
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geometrical and from the wave optical _pproximat_ons. All the

analyzed arrangements approximate the case B in Table 3.

In the case d, • and f on Fig. 43, the corresponding calculated
I

apse efficiencies are 8_, 69.7 and 76% respectively.

These figures are quite close to the _asured _perture

efficiency of a similar, Cassegrain anter_a system (RCA,

Type MH-6OO). This antenna has a measured aper_Ire efficiency

60-80% in + 15% relative frequency bandwidth. (See Fig. 4S).

Table 3 indicates that the sidelobes c_used by the spillover

radiation and screening may be in the order of 30 db. The

question can be posed as to whether the first sidelobes of _he

undisturbed _perture distribution can be maintained at that

low level with the accompanied high aperture efficiency. The

answer is positive.

Fr_ the tables prepared by R. C. Hansen, _he Taylor distribution

for £e" 30 db. and n - 4, results _6 - 1.2, _hich is equivalent

to _o (_ 69.4%. In Fig. 44, the Taylor distribution

is con_ared wi_h the _perture dis tribu_ on of _he parallel horn

system. It is obvious that, from gsin standpoint, the _o

distributions are close and the two calculated Iperture

efficiencies are practically iden_icai. Consid6ring the

side!obe attenuation, the two distributions are more

different and the corresponding _o of _he second case can be

obtained only by numerical analysis.

It is interesting to note that the MM-600 antenna (where the

sidelobes caused by the screening are the limiting factor) has,
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9.2.2

at f = 2350 me/s, _o = 24 db. with approximately _ = 80%

aperture efficiency.

The Sidelobe Problem

Fig. 4_ indicates the usual sidelobe distribution of a

double-reflector type antenna with the corresponding

terminology. From the operational standpoint, an ideal

antenna has to have the largest possible gain for a given,

constantly low level of sidelobes. It has to be

emphasized _hat this retirement is not equivalent to the

more co_on requirement where the possible narrowest main

beam is specified together with a given, constantly low

level of sidelobes.

The uniform sidelobe level can not be realized in practice

and usually a different average sidelobe level is specified

for the forward and for the rear hemisphere.

It is worthwhile to include here a short summary about the

relationship between gain and sidelobe level.

It can be easily seen that the low sidelobe level is

important not only from the point of view of low noise

t_erature, but also because it provides a serious limitation

for the gain in the event of a very high gain being required.

If the main beam is very narrow and the sidelobe attenuation

is only moderate, then the power content of the sidelobes cannot

be neglected relative to the main lobe power. When _he sidelobe

level is fixed, the total radiated power remain_practically

constant as the main beamwidth is decreased. Thus, the gain
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being the ratio of main lobe power density relative to the

total power density, remains constant also. 31) From this,

it follows that the gain cannot exceed the reciprocal value

of the average sidelobe level.

As an example 9 take case D in Table 3. This antenna

arrangement has 53.7 db. gain. In the front hemisphere,

the "normal" sidelobes and the sidelobes resultant from

the screening effect of hyperboloid reflector, t_per off

rapidly and their contributions to the average side lobe

level are not serious. However, the spillover radiation

of the feedhorn is substantial over a wide angular range.

As Table 3 indicates, the maximum of this spillover radiation

occurs at the border line of the geometrical shadow zone

determined by the horn position and the hyperboloid. This

shadow zone ends at _ - II° from the axis of the main beam

and sidelobe level caused by the spillover radiation is

_ = 36.5 db. This side lobe is caused by the outer part

of the main lobe of the horn radiation and the next lobe is

approximately 9 db lower. From thence, the spillover sidelobes

follow the sin u pattern ( _ -_ _;n _ ).u

In the above case, 4 sidelobes occur between ll°_ e _ 119 °

in the analysed main plane. The corresponding levels of these

side lobes are 36.5, _5.5, 49.7, 52.9 db. Taking into account

that the above values are peak levels, the average power level

in the ll°< O < 119° range is approximately 50 db. This

radiation occupies 75% of the total sphere (_ 61O) thus behind

the paraboloid, the average power level should be FQvG " 58 db
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from the gain balance standpoint alone.

For this antenna arrangemem% TAG - 6 _ was calcu]ated as the

ultimate possibility for the noise temperature component c_sed

by the ground. From TAG = 6°K and D x = 206, Fig. 6

indicates that F v0 = 69 db. is required. This is II db.

higher than the value determined by the gain limitations. On

the other hand, Fig. 6 shows, that the same antenna will become

gain limited if TAG > 50°K is only required.

Table 4 numerizes the different type of sidelobe components,

their range of occurremce and the methods of decreasing their

level.

It is quite difficult to analyze most %he sidelobe sources and

the corresponding sidelobes, but their importance amply Justifies

the necessit_ of an extensive general study.

No. 4 and No. 8 in Table 4 were analyzed in some detail in

several hypothetical cases where the calculations were relatively

simple. (See Part I)

Some measured data is available to detsnmLne # 3 and stone limits

were given in Table 3. The effect of inaccuracy (# 6) is

d_scnssed in the literature 30) ; although not for the apertore

distribution used in Cassegrain type systems. The same is

applicable to # I.

Here only, the most important type of sidelobe will be discussed,

namely, that which is caused by the screening effect of the center

reflector.
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A technique can be employed in which the center reflector is

built up from a honeycomb type lens with a reflection coefficient

in the order of 90%. The geometry of this lens can be selected

so that the field transmitted through the lens will be a con-

tinuation of the unobstructed aperture field distribution. This

field should be inphase with the wave reflected from the

paraboloid and because of the continuance in the amplitude

distribution, the usual screening effect of the solid hyperboloid

reflector will be eliminated. Such a system will obviously have

m narrow bandaridth, but would be satisfactory for space

communication antennas.

The geometry of the lens can be calculated as follows :

, (16 )

(165)

Equations (164) and (165) respectively, mm_ be called the phase

and amplitude equations of the reflecting lens. The first

equation shows that, in the aperture plane P, the phase is constant.

The second expression indicates that the amplitude distribution in

this plane is identical with the illumination resulting from a feed

radiating toward the paraboloid from the point Fp. The two

equations describe a sys_ in which the aperture distribution in
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plane A varies continuously between o __r __I with no screening

effect.

The quantities in _he equations are defined in Fig. 47. F_

is the reflection coefficient of the lens at the input surface (s),

and _(r) is _he propagation constant with the lens along the

z axis. It is assumed that the reflection coefficient of the

lens at the output surface_) con beeliminated by a quarter wave

matching section.

On the basis of Fig. 47, the following equations can be written

= : -- I

, (Z66)

Q !

If the contour s is fixed as a hyperbola, then the relationship

between c_ and _ is given by : _ = _ C_)

Similarly, from equations (166) and (169), c_ can be

expressed as a i_mction of o_ij

(167)

(_8)

(X69)

The index of refraction n1 at the angle

(170)

X
V"_t = T "

I

si.,,zp:ti.cying (3.61,) and using (17Z)

(171)

' -i-*" _ k _, - _ +R,cosoc,-z(,.,,-,).(,,?_,)
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_, is the phase of the reflection coefficient at _<l , _,

zI and n1 are the special values of these quantities at

n1 can be expressed from the phase equation

2

Z

(173)

According to (173), it is possible to express explicitly the

index of refraction as a function of the polar angle (4,) of

the horn pattern.

From (172) and (173), the thickness of the lens

_'(_,/ -I
(174)

(174) does not describe the effect of the matching section on

the output (y) surface. The calculation for this more general

case is more complicated and is not included here.
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It is interesting to note however, that in a practical case, when

_2.½ _ Rz. _z, the_ue _ r is 5
q2 3

One possible way of building a lens wi_h a variable index of

refraction is by making use of a metallic lens. In this case,

the index of refraction is determined by the separation of the

metal plates, perpendicular to the polarization. "U_n
I

case, the separation between the plates is very close to

In this

and the lens is quite frequency-sensitive. In the case of a

circularly polarized incoming wave, the lens should have a

honeycomb structure.

A well-known property of the metallic lens is that, in certain

circumstances, spurious reflected lobes can occur from the inpu%

surface. 33, 3_)

According to Fig. 48, such spurious reflections appear in the

directions where the edges of the plates are radiating inphase.

There

But

X = y_kA k = O, _I, _ 2...l (175)

(176)

(l??)

b_nl, : _s\n g + kX c_ : b_',n:(
I ! (i'm)

(179)



_ecial cases

i) k=o

sin i - sin e i - e

This is the normal case. The angle of the

reflected wave is equal to the angle of the

incoming wave.

2) Ikl > o. a >½

From equation (179), it can be seen _hat no _ious reflected waves

can occur until l_ I < 45° which is well within the practical

cases. Thus, only the regular reflection can occur while

_ I < _ _ o and a metallic lens can be used for the purpose

of pa%tern synthesis.

It is interesting to compare some antenna arrangements from the

standpuint of aperture distributAon synthesis.

I) Feed horn, _araboloid. This system has one (limited) degree

of freedom_ the pattern shape of the horn.

2 ) Feed horn t hyperboloid and paraboloid reflector combination.

Additional (limited) degree of freedom as a result of the

hyperboloid reflector.

3) Feed horn# hyperboloidal reflecting lens, paraboloid reflector.

Additional (limited) degree of freedom, used for elimina_ng

the screening.

4) Feed horn, general reflecting lens 2 _eneral secondary reflector

This system has a complete degree of freedom in relation to the

conventional paraboloid antenna. It can realize any amplitude
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IO.

distribut&on, with constant phase, in the aperture of the

secondary reflector. _i_hin the geometrical optical

apprurimation).

The fourth case will not be discussed here. However,

it should be noted that this arrangement may provide an

approach for an optimum gain, low sidelobe level antenna

system.

Recommended Further Work

The present study has .-++-_+A___ +^_v_ummarize some of the

most important problems of high gain, luw noise temperature

antennas, particularly those which employ _wo reflecting

surfaces. However, available time has not permitted any

further investigation of some other interesting details.

Furthermore, within the limits of the present study, it

was not possible to make any experiments _nd _hus prove

the more vital part of the theory or obtain data where the

mathematical analysis is not practical.

Obviously, further work would be required to add more

theoretical and experimental detail to the present study.

This work can logically be divided into two parts. One,

to cover the short term requirements for the improvement

program of the present Goldstone antenna, the second to

carry on _heoretical and experimental work in the search for

more effective and economical low noise antenna systems.



I)

2)

_Short Term Program (Ex_erimentaS._)

I.I Development of the cross-horn system. Near and far

field pattern testing of such systems.

1.2 Determination of the optimum feed system for the

_p = 61° aperture angle paraboloid, lnvestigation

of the effect of aperture angle on_ and TAG at

least within the 61°__ _ ap -_ 90° aperture angle

range, particularly in the neighbourhood of Cases

B, C, D and E in Table 3.

1.3 Investigation of the effect of edge currents.

Lon_ Term Progrmm (Theoretical and Experimental)

Investigation of the -

2.1 Sidelobe problem in the front hemi_here

2.1.1 Effect of screening. (Reflecting lens)

2.1.2 Wide angle radiation of horn. (Further means

of horn pattern shaping)

2.1.3 Normal sidelobe distribution. (Application of

nonparabolic reflector).

2.1.4 Effect of reflector accuracy.

2.2 Sidelobe problem in the rear hemi_here.

2.2.1 Physical na_are of rear current generation

and its control.

2.2.2 Possibility of directing rear current radiation

into the front hemisphere.

2.3 Possibili_ of position controlled sidelobe attenuation.
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llO INTRODUCTION

In the theoretical part of this study the range per unit cost figure of large,

space cormmnication antennas was investigated on the basis of a simplified

model. The essence of this model was, that the primary reflector can be repre-

sented as a spherical aperture with a simplified field distribution. On the

basis of this simple model the most important electrical characteristics, like

aperture efficiency and noise temperature were calculated.

Although the theory of spherical aperture can be generalized into arbitrary

aperture distributions 9 the calculations become rapidly very tedious as the

complexity of the distribution function increases. Consequently an experimental

study is well Justified. It can be expected that an experimental study not only

confirms the theoretical considerations in the analized simple cases, but adds

considerable new light to the theoretical knowledge and initiate further anali-

tical investigations.

The experimental study was centered around three major areas. These areas were:

the source system_ the feed system and the antenna system. The source system is

defined as the transition medium between the guided and freely propagated waves.

In the analized models the source system consisted of a special horn or system

of horns. The feed system is defined as the combination of the source system

with a primary reflector. In the analized models the primary reflectors were

solid-surface byperboloids. The antenna system is defined as the combination

of the feed system with a secondary reflector. In the analized models the secon-

dary reflectors were paraboloids with solid surface.
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(Cont'd)

The experiments were aimed to collect as many useful data as possible and

provide fairly c_mplete design aids for this type of (Cassegraniau) antenna

system.

In the source system the aperture size, number of horns and orientation angle

of the individual horns were varied. In the feed system byperboloids with

different diameter, focal length and aperture angles were combined with various

source systems. In the antenna system paraboloids with two different aperture

angles were combined with various feed systems. Finaly most of the measure-

ments were performed at two frequencies (24000 and 34000 mc/s)o Some of the

measured data will be published in a separate report.

Due to the relatively large volume of experimental material, the data will be

presented with minimum required explanation and the e_phasis will be on graphi-

cal representations.

THE SOURCE SYST_H

12.1 Design Requirements

According to the definition of the source system given in the Introduction,

the "classical" paraboloid antenna consists of a source _st, e_ a_ud a

secondary reflector. In such a system only the source characteristics

controll the aperture distribution, once the aperture angle of the para-

boloid is fixed.
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(toni'd)

Although, in a double reflector system, the three parameters of the

primary reflector (diameter, _ focal length, A; and aperture angle _ah)

increases the number of free parameters, the importance of source

control_ is not diminishing.

If the secondary reflector is fixed as a paraboloid, _hen the feed system

should radiate a spherical wave. The first question to be answered is:

what should be the phase front of the illuminating wave at the primary

reflector?

Fig. 49 shows various ways to obtain spherical wave front from the

primary reflector. (It will be assumed in the following, that the

analized radiator is a transmitting antenna. ) In Fig. 49a the incoming

wave is a diverging spherical wave with a center at FI, the reflected

wave is an other spherical wave with a center at F2.

The reflector is a hyperboloid. In Fig. 49b the incoming wave is a plane

wave, the reflecting surface is a paraboloid, while in Fig. 49c, the

incoming wave is a converging spherical wave and the reflector is an

elipsoid. If the separation R between the source of the incoming wave

and the reflector is finite, then in case a the size of the sOurce should

be small compared to _ while in cases b and c the source size should

be large measured in R_ .

III
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In other words, the hyperboloid reflector is a typical "far field" control

device, while the paraboloid and elipsoid primary reflectors are more

suitable for near field transformations.

The _athematical simplicity of the far field structures made case _ more

attractive to the antenna designers then the two other arrangements. The

present study will be concentrated also in that direction. However, it

should be stated, that in practical systems the R _ _ (a - aperture

size of source) requirement can not be fulfilled and the hyperboloid

cannot be illuminated by a true spherical wave.

Using the following definitions,

R
near field: 0 __ r _ i r - - • R = a2 (i)

R o
O

transition field: i __ r _ 2 (2)

far field: 2 __ r _--_ (3)

the hyperboloid will be in the transition field. The theoretical aberration

of the wave from the true spherical wave front in the transition field

range is indicated by Fig. 50 for a typical case.

_%.AAs mentioned 9 the main emphasis during this experimental study was o_ _,_=

hyperboloid reflector_ which has to be illuminated by a diverging spheri-

cal wave. However_ in multihorn_ manopulse systems 9 higher degree of

power concentration along the hyperboloid can be obtained utilizing a plane

wave or a converg£ng spherical wave. Therefore some investigation was

carried out into this direction.
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The second problem in the source design is the selection of the a_pl&tude

distribution along the primary reflector surface. Ideally this amplitude

distribution should be constant within the aperture angle of source (_H)

(see Fig. 49a) and should be zero for larger angles. With finite size

source this requirement obviously cannot be fulfilled. Amplitude tapering

along the reflector and spill over radiation beyond the reflector occures,

which reduces the overall aperture efficiency. Deviation from the axial

symmetry in the source pattern has a similar effect.

Based on the above considerations, the source pattern can be characterized

by the following parameters:

I) Distance factor: r

2) Average tapering of the field at the edge of byperboloid: T = EE _")+ E_ (_,)
z

where _ and EH is the radiation pattern of the source in the E and H

plane respectively.

3) Assymetry of edge tapering.° _ -

4) Average of the first sidelobe level: _,

Cv. 

The following design aims can be set for these parameters=

v_, -5"ctb>T>-C3°lb z Ae<'l°lb w,. > Igdb" " J I % ,

According to the calculations T has to be in the given range to obtain

maximum aperture efficiency. At the same time the condition for the side

lobe level assures that the wide angle backlobes of the feed system are on

or somewhat below the isotropic level. For instance if GHORN = 23 db_

= 18 db, then the wide angle side lobe level in the pattern of the

complete antenna 23 - 18 = +5 db above the level of the isotropic

SOUrCe,
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All design requirements have to be maintained for two ortogc_ally (or

circularly) polarized waves.

12.2 Basic Element of the Source SyStem

The fin loaded pyramidal horn was selected as the basic element of the

source system. Such a horn is described in Sec. 9 of Ft. II. That

type of horn has several advantages relative to the simple pyramidal

horn, such as _.

1)

2)

3)

4)

The E plane pattern can be widened and the H plane pattern narrowed

by increasing the height of the fins. By proper selection of fin

height the two pattern - widths can be made equal at any arbitrary

power level of the main lobe.

Increasing the number of fins, the side lobe level_ I in the E plane

decreases, while in the H plane slightly increases. By proper selec-

tion of the number of fins the first side lobes can be made equal in

both planes.

The square shaped horn retains its two symmetry plane, therefore,

behaves identically for two perpendicular polarizations.

The corners of the horn can be removed (See Fig. 3Oh) and thus the

distance between horn centers in monopulse horn clusters can be

reduced.

The typical dimensions of the fin loaded horns are indicated on Fig. 51.

Altogether 5 different horn geometries were realized. Table i su,_a-

rizes their geometries and frequency bands.



Table 1

Geometrical data of the developed fin loaded horns

7. o. 2o,, - ,,
,-lo 3. I .,19;.13. 7o13. 7ol

0 - ',/

___KIlllc/s.

3i 2.388

31 2.388

S124.O

_o

12.553

3.9_

1.25

al
_o

.._6

.._8

..,gO

.38

P_hase error in
aperture at

"JZ_K

1374

• 15"4_

The two S-band horns were designed to result in IO and 14 db tapering at

_p = 61° . The X9 K and V band horns were designed to provide a

nominaly 4.5_large aperture size. In the X band horn the fins were placed

along the direction of propagation, i.e. the distance between the fins varied

al_g the axis of the horn. The phase error of this horn in the aperture

was kept small.

In the V-band horn the phase error was so_,ewhat larger, but the fins were

placed parallel with each other. Finally in the K band horn the phase

error in the aperture is even larger. The X-band horn

resulted in almost completely symmetrical main beam, with _I = 22 db,

while the V_band horn had only _! = 15.5 db and the K-band horn K , = 15 db.

The S-IO_ S_14 and X horns were tested only as individual radiators. The

K and V horns were combined also into 4 horn systems, with various angles

between horns. In the later systems hornotype power dividers and particu-

larly bent waveguide sections were used to feed the horns. (See Fig. 52).
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The radiation patterrsof all horns were tested in the transition and

far field. The input VSWRwas measured only on type S-lOand S-14 and

the effect of matching screws to the pattern was investigated.

12.3 Measuring Set-up

All source system and feed system measurements were performed indoors,

in a reasonable reflectionless chamber. The typical test arrangement

is shown on Fig. 53. The antenna under test was used as a receiver and

was mounted on the turntable by dielectric supporting elements appr. 5t

above the ground. The received signal was fed into a crystal detector

and amplified by a calibrated selective voltmeter (HP-615B). The

calibration of the selective voltmeter was compared with the attenuator of

the HP-616B and HPo618B signal generators in the S and X band respecti-

vely and bya precision r-f attenuator (PRD-192FI) in the V-band.

The source system and feed system pattern generally is interesting only

in less than 30 db dynamic range. It was found that within this limit

the calibrated selective amplifier provides less than I db error, therefore

this calibration was accepted for time saving.

The output of the selective amplifier was fed into a Sanborn recorder.

Level calibration on the recorder paper was applied by the means of the

attenuator of signal generator or calibrated amplifier. The angular

calibration was obtained by time marker signals. The estimated error

in the level measurement is 1.5 db and in the angle measurement is + IO.
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The transmitter "unit was a standard signal generator or a waveguide

mounted klystron. The transmitter horn was supported by a rail mounted

pole to ease the distance adjustment between transmitter and receiver

antenna. The receiver antenna was surrounded by a triangular shaped

absorbing wall, built from the absorber, made by Goodrich Co. Ltd.

The reflection coefficient of this absorber is less than 30 db in the

frequency band above 20 Kmc/s.

12. Experim_nta! results

Fig. 54 shows the various characteristics of the S-IO horn. Fig. 54 a

is the _ar field pattern in the E & H plane with N = 2. As N=3 results

in better symmetry, the 3 fin loading was accepted for the final designs.

Fig. 54 _ shows the pattern when 4 matching screws were placed, one into the

middle of each wall close to the troat of the horn. The VSWR of this

arrangement is better then 1.035 in + 2% frequency band.

Fig. 55 indicates the far field pattern of the S-14 horn. Having narrower

beam then the S-IO horn (T (61°) = -14 db) the pattern of this radiator is

more sensitive to any impedance compensating element then the smaller

horn. First four irises close to the aperture plane were tried for

matching purpose, however this resulted in Ae = 6 db assymetry at _ = 61 °.

Later a symmetrical 4 screw tuning was accepted for impedance compensating

puroose.

Fig. 56 presents the photograph of the S-14 horn.
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Fig. 57 indicates some data of the X horn. In sequence this horn was

built first and the important dimensions of the large gain horn (Ct = 4.5_ )

were determined on this unit.

In Fig. 57a the theoretical E and H plane 3 db beamwidth of a square

horn vs. frequency is plotted without and with fin loading respectively.

The fin loaded case was calculated on the basis, that no E field exists

between the fins parallel with the fin surface.

Fig. 57b indicates the measured 3 db beamwidths for the fin loaded case.

The height of the fins corresponds to Fig. 57a. It can be seen that the

beamwidth in the E plane is wider and in the H plane narrower then is

predicted in Fig. 57a. This shows, the otherwise expected fact, that the

parallel component of E field between fins is not zero, furthermore, tha%

the perpendicular c_ponent does not follow anymore the "sin x" distribution

but it is modified into a more uniform distribution.

Fig. 57c indicates field distributions in the horn aperture for the simple,

pyramidal horn, for the fin loaded aperture_ bne assuming the simplified

theory and _he _T ____m-_l _esults. _

Fig. 57d shows the 3 db beam_idth for somewhat reduced fin height, finaly

Fig. 57 e indicates the pattern at f = 7680 mc/s for the same geometry.

It should be noted, that the very high degree of symetry indicates the

validity of the field distribution in Fig. 57 c.
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Fig. 58 is the photograph of the X horn.

Fig. 59 and 60 represents the pattern of the K and V horn respectively.

It should be noted the relatively poor E plane side lobe level. The

aperture dimensions of these horn were identical with the X-horn.

(measured in wavelenths) However, these horns were shorter to save space

and the fins were soldered into parallel grooves to save manufacturing

time. In horns with low E plane side lobe level these simplifications

are not permitted.

Further attempts were made to shape the source pattern by combining four

fin loaded horns. A mechanism was built (see Fig. 61) which controlled

the position of the 4 K-horn_continuously. In this arrangement a horn

type1_wer divider distributes the input wave toward four flexible w.g.

sections. The flexible w.g._s are connected with the horns. In this set

up the angle between the horn and cluster axis can be varied from 4 to ii °

while the positions of the center of horn apertures remains constant.

At the input of each horn, matching screws were placed to compensate the

variations in the f!e.v__'b!ew.g. durinK horn positioning. Unfortunately

the quality of power division was still not satisfactory and the flexible

waveguides introduced untolerable instability at 24 Kmc/s. Therefore only

a few measurements were taken with this set-up. Fig. 62 indicates two

typical patterns and the corresponding power level of individual horns.
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The high side lobe level can be interpreted as the consequence of

unequal power division and phasing_ furthermore°fthe large, non-

illuminated center hole in the middle of the overall aperture. A

comparison between Fig. 62 and Fig. 59 shows the very important fact that

the pattern of the 4 horn system is smoother around the maximum, then

the pattern of the single horn system. The flatness of the top of main

beam can be characterized by the ratio of the beamwidth between first

minimums to the 3 db beamwidth. This ratio is 2.43 for the single horn

and is imDroved to I. 91 in the 4 horn cluster.

On the basis of the experienced mechanical instability a somewhat less

ambitious power divider was built for the V horns. In this a constructed

rigid waveguide power divider was used, with position angles _ = 509

O° and -3° (see Fig. 63). The not illuminated center area was decreased

by larger corner cutouts in the horns. This system was measured at 24

and 34 Kmc/s. At the lower frequency the effect of center hole is even

smaller, because the smaller electrical distance between horns reduces

the space variation of the array factor.

The ...._" +__=_j C_ power d__vision was checked by placing attenuators into

all horns but one and recording the patterns. As Fig. 64 indicates

(for _ = O°, f = 24 Kmc/s) the radiated powers of the horns were within

•5 db equal. The patterns were measured in the horizontal (H) plane.

The relative level difference between the pattern of horn I and 4 indicates

that the axis of cluster had some vertical tilt during this test.
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Fig. 65 represents the near field and far field pattern of the 3= 0° cluster

at f = 24 and 34 Kmc/s. It can be seen that by increasing frequency the

sidelobe level deteriorates. This is partly caused by the increasing

electrical distance between horns and even more so by the increasing error

in the relative amplitude and phase of individual horns.

Fig. 66 and 67 shows the similar data of the -3° cluster. The _-- -3 °

cluster is the only analyzed source system which produces converging

spherical wave. The theoretical focal point is approximately 20" from the

horn apertures. Beyond this point the wave is diverging again. The

special feature of this near field can be characterized by the 6 db width

of a plane aperture perpendicular to the axis of the cluster vs distance

from the cluster.

Fig. 68 shows 9 that this width is minimum about 17" close to the theoreticalt

focal point. At this distance is the transition between the converging

and diverging spherical wave_ _nd here an approximate plane wave front

exist. It is interesting to note that at this distance the size of the equi-

valent 6 db aperture is about 3"9 approximately identical with the aperture

width of the cluster.

13. THE PRIMARY REFLECTOR

13.1 Equations of the Surface

During the present experimental program the I_ r_ 2 distance range was

investigated. Here the primary source of radiation can be assumed as a
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This assumption (which is only approximate) determines a

hyperboloid surface for the primary reflector. A finite hyperboloid is

characterized by three parameters. These parameters for the present prac-

tical purpose can be selected as A_ the focal distance of hyperboloid, _,

the diameter of hyperboloid and _ah, the aperture angle of hyperboloid.

The calculation of the reflector surface is straightforwar_ The equations

of hyperboloid for reference purpose will be included here.

13.2

In the coordinate system given on Fig. 69, z_ r_ are surface coordinates

in wavelength. _ _ x - _ _ _Qn

_x ffi ' 2(A×. k_ (4)

where the k x constant is determined by the three hyperboloid parameter (Ax_c_, _)

_a_ _ + -- t_ _.,., (5)

The thickness of the reflector

' _ k - cL.v, cot ,j,,, _

Finally the excentricity

, k,,
_= A, 2. + 2. A×

List of Tested Hyperboloids

To be able to obtain a fairly complete investigation of the effect of

(6)

(7)

h_perboloid parameters 12 different reflectors were constructed . These

reflectors, with the addition of the 1:1.5 frequency band covered the

following parameter ranges.

26,& _ Ax _ 70@¢_ c:L_, <_ 23 ,

Table 2 summarizes the main geometrical parameters and surface coordinates

of the reflectors.
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Fig. 70 is the photograph of the reflectors. The reflectors were manu-

factured with approximately *-%_ surface accuracy.

During the measurements nominally two frequencies were used" fl = 23.88 Kmc/s

and f2 = 34.40 Kmc/s. If no other note is given, then fl and f2 refers to

these two frequencies. The two frequencies give a scale factor

of I0 and 14.4 respectively for the full size Goldstone antenna at f =
o

2388 mc/s.

13.3 Modifications of the Hyperboloid Surface.

It was mentioned previously that the simple hyperboloid surface gives only

first order approximation of the required primary reflector. The reflector

surface can be modified to:

I) compensate the phase error caused by the finite size of source (see

50),

2) decrease the effect of edge current_

3) transit a part of illuminating field and thus decrease screening effect.

The first attempt did not reach the experimental stage until this report

was concluded. Two methods were tried out to decrease the effect of edge

currents.

Fig. 71 indicates a stepping at the rear of the reflectors. The top and

bottom parts of these steps are _apart in the direction of the main beam_
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the radiation from the corresponding sections can partly compen-

sate each other. Unfortunately no such a reduction was observed. On one of

the reflectors in Fig. 70 grooves can be seen 9 close to its edge. The groove

depth is equal to A/q to provide high surface impedance and a barrier against

the propagating radial reflector currents. Four grooves were cut into this

reflector. The grooves were filled by wires, and during the experiment the

wires were gradually removed. Two effects were observed:

I) The backradiation of the reflector was gradually reduced as the number

of grooves was increased (a total reduction appr. 2 db was measured).

2) The shape of the main beam was slightly affected (accidentally improved)

in the angular range which corresponded to the grooves on the reflector.

The later fact indicates a possibility of beam shaping by controlling

the surface impedance of the reflector.

Some preparatory work was conducted during the present experimental study

to provide data for the design of semi-transparent reflectors. This work

included the measurement of transmissic_ coefficients through perforated

metallic sheets with various hole diameters and angles of incidence. The

attenuation of transmitted field is shown in Fig. 72.* The angular depen-

dency shows approximately the cos. law. In the case of a semi_transparent

reflector the transmitted field has to be transformed into a plane wave by

some kind of lens. It has to be noted that the data plotted in Fig. 72 can

be used to calculate the transmitted field through the primary reflector

and thus determine the noise temperature cumponent corresponding to this

*) No. i: _ - 5/16"_ 60% transparency

No. 2* dn = 1/2" _ 60% transparency
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- _ ,transparency 60%transmitted field. For the 85' Goldstone station oL _ = C _ '"

which gives _ _ _0 _b a_ T_c_, i '_ _.7_ °_Q

THE FEED SYST_

14.1 General Characteristics of the Feed Pattern

Each feed system was formed from a horn or horns directed toward the

hyperboloid along or close to the axis of hyperboloid. The distance

between horn and hyperboloid was set originally into the nominal posi-

tion: corresponding to the geometrical optics. Then this distance was

varied about the nominal value, to determine the "best focal distance".

The definition of the "best focal distance" is obviously arbitrary.

Increasing the horn-primary reflector distance the illumination on the

reflector tends to be more uniform, which produces more uniformity in

the aperture distribution of paraboloid_ Unfortunately the spillover

radiation increases at the same timee The closer separation has the

opposite effects. The finiteness of source size causes mainly a qua-

dratic phase error, which can be compensated by closer separation.

In most cases smoother main lobe was obtained by such a displacement,

particularly, when the dia. of hyperboloid was relatively small ((_).

The most logical basis of the best focal distance selection is the one

which results in highest aperture efficiency and lowest noise temperature.

This definition was used in the data procession of the experimental

results. It has to be noted that by increasing the diameter of the

hyperboloid, while maintaining the size of horn, the "best focal distance"

approaches more and more the optical focal distance.
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During the pattern test of feed system the first focal point of hyperbo-

loid was placed into the pivot point of turntable° Doing so it is

possible to analyse the field of hyperboloid more or less separately

from the horn radiation in the range of the main lobe. ("Main lobe"

refers here to the hyperboloid pattern). The test horn was therefore

placed in the far field of the hyperbolold pattern, but not into the

far field of the feed system. The size of the feed system was in some

cases quite large ( A _ = 75) which would result in a several hundred

feet distance. On the other hand the far field of hyperboloid can be

found in the range of I0 - 20 feet from the analized reflectors.

In some cases the near field of the reflector radiation was also recorded,

which gives an even clearer picture about the reflected field. As a matter

of_ fact the paraboloid reflector is in the near field of the hyperboloid

in the antenna system.

Fig. 73 shows a typical half pattern of a feed system. At _ ---O the

field is small, because of the screaning caused by the horn. The angular

region of the shadow becomes smaller for a given horn as A increases. It

has to be noted however, that _ has to be increased simoultaneously to

maintain the pattern of hyperboloid, therefore the screaning caused by

o_

the hyperbcloid increases also. Around the angle _= _ (a = the aperture

size _ h_r_)the reflected field of hyperboloid is scattered from the edge of

horn. The ripples in this range may be as large as +2 db, however, they

are restricted to a very small angular range of _ _ and therefore to a small
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part of the paraboloid aperture, close to the center. The amplitude

of thes_ ripples can be reduced somewhat by increasing the radius of
o_

curvature at the edge-horn. The range _y_ _ _ _ _o can be defined as
_e_,

the main lobe of the _pe_oloid._ere _ is the angle, where the

field drops to -IO db relative to the maximum. Within the range of the

main lobe the beam shape can be further characterized by the ripple

amplitude. These ripples are caused by the finite size of the hyper-

boloid, phase error introduced by the finite source system and inter-

ference between the horn and hyperboloid radiation. These ripples

introduce also sidelobes into the secondary pattern and reduce the

gain. One of the most imporSant characteristics of the Cassegranian

type feed is the rapid change in the feed pattern around _,o •

The existence of the high derivative of the field at _,o makes pos-

sible the simoultaneous realization of high aperture efficiency and low

spillover radiation toward the rear hemisphere of paraboloid reflector.

The magnitude of this derivative increases approximately linearly with

the diameter of hyperboloid. The slope in well adjusted systems is

practically free from superimposed ripples. In fact one of the simplest

way to check the proper hyperboloid horn separation is to examine the

ripples in the hyperboloid pattern at _o-

It was found that in systems, where the horn spillover and hyperboloid

tapering is properly compromized for optimum gain _,o _ _b " In the

angular range _,o<_ (V- _e usually very small field exists. This field

is determined by the wide angle sidelobe level of the source. However,
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around T_- _ _ ( _H - aperture angle of horn) again a larger field can

be foundp mainly determined by the first and second side lobes of the

source pattern and the edge tapering of the hyperboloid. The source

usually has about 20 db gain, while the feed system developed for the

85' Goldstone antenna_out I0 db gain. If IO db edge taper is applied

on the hyperboloid, (i.e. the -IO _ part of the source main lobe is

directed toward the edge of hyperboloid) than the spillover lobe at

_- _ is approximately equal with the level of the main lobe in the

hyperboloid pattern. This indicates that the maximum of wide angle side

lobe level in the secondary pattern is the difference between the

antenna gain a_d feed system gain. Fortunately this peak radiation

exists only aroundq-_H and contains only I0 - 15% of the total power,

because it is limited into narrow angular range and its effect to the

antenna system gain can be tolerated.

Finally the last characteristic region of the _ypeFboloid pattern is

at _-__ , where an approximately _ d_)radian wide, relatively high gain

backlobe can be found_ The power content of this lobe is always neglig-

ible, however it may contribute to the nearby sidelobe level of the

secondary pattern.

All the measured patterns show the mentioned characteristics and besides

of these a considerable percentage indicates assymetry. The assymetries

can be attributed to the following reasons:
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I) The axis of horn does not coincide with the axis of hyperboloid.

2) The effective radiation center of the feed does not coincide with

_he pivot point of the turntable.

3) The test horn is not directed toward the center of radiation.

4) In four horn system source, the power division and phase equality

between horns are imperfect.

5) Non perfectness of the absorbing wall.

The patterns can be made symmetrical within the resolution of recorder

however, it is not always practical to spend the required time to obtain

perfect symmetry. Instead of this the left and right side part of the

pattern can be averaged when some _n_metry exists.

14.2 Method of Data Processing.

1
Some of the interesting data (variation of qs , _o , d _ _ =_io '

level of wide angle side lobes) can be easily obtained as a function of

horn - hyp. distance, _% I ou , frequency, etc. However the most

important data_ the expected aperture efficiency (_o) and noise tempe-

rature caused by ground radiation (TAG) are the results of relatively

lenthy integration. Therefore, these later data were determined only

in the more interesting cases by numerical integration.

If the feed pattern is an axially symmetrical real function _C_) and

illuminates from the focal point a perfect paraboloid with an aperture

angle _p, then the aperture efficiency can be expressed as:
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(8)

where
_p

(9)

is the power split coefficient. Here Pp is the power directed toward

the paraboloid and PT the total power radiated by the feed system.

0 Q

A is the aperture distribution coefficient
C s _c_a_] _

where the relationship between r and

_L

Table 3 gives the r = g _)function for a_ _ a_O o

(lO)

(n)

(12)

TABY._ 3

NORMALIZED APERTURE COORDINATE OF THE PARABOLOID

'_af,--_,*° _f, : _o °

0 .(X)O(X)

5 .07412
I0 .14853

15 .22350
20 .29935

25 .37635
30 .45488
35 .53527
40 .61789
45 .70_8
50 .79163

55 .88375
60 .98oz4
61 1.00000

65
7O
75
so
85
9O

.00000

.o_3_

.o87_9

.13165
_17633

.22169

.26795

.31530

.36397

.41421

.46631

.52o57

.57735

.637o7
,70021

.76733

.83910

.91633

1.00000
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_e useofthistableth___c_)_ _io_ can_ fo_dandthe

numerical integrations can be carried out. The explicit formula of the

aperture effi_ency ' t _

o @

The supression S can be also determined from the measured

(13)

LV__tte_.

Using the _finition in eq. (II) Part I.
WI_

S _ s_nW a_

_ _ _,_ _ a_ (14)
o

The value of the noise temperature component _%ch corresponds to this

radiation (See eq. (26) and (9) in Part I)

At fo = 2388 mc/s, a G _ O.6B , ?G _ O.BO

Furthermore TG - 330 o K thermodynamical temperature can be assumed for the

dry sand around the Goldstone station. Then

: _'A7 S °K _ t,5 S °,':Tr.,_._
o K

(16)

From eq. (16) can be seen that 5_% can be tolerated for a low noise feed

system.

To calculate the wide angle side lobe level of the antenna system the

gain of the feed system gain is also required. This is

L

(17)
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directive gains
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is the maximum , non super-

where _

is the tolerance factor introduoed by Inac_ra_es of the paraboloid

reflector. (R_ze formula) The wide angle side lobe level in the antenna

system pattern caused by the direct feed system radiation

(20)

K-band Horn with Various Hyperboloids

Fig. 74 shows a typical pattern measured with the K horn and the H3

hyperboloid. Similar patterns were taken with other hyperboloids and

from these patterns some basic data calculated. These data are shown in

Fig. 75-79.

Fig. 75 indicates the aperture efficiency_ and supression S vs horn-

hyperboloid separation R. Each curve showsan optimum distance, Ropt.

Fig. 76 is the plot of the maximum aperture efficiencies vs. d. It can

be seen that for a given horn an optimum _ exists, but this optimum is

•,,-=,,_,-_. ?h_v_ 4s onlv little denendency on the optical focal dis-

tance. The maximum aperture efficiency is determined only by the

edge tapering. This should be kept almost the same for any optimum

combination. See also Fig. 77 which indicates the _b versus edge tapering

(T). It can be seen that 7.5<T_I0 db results in 65%_ 71%, while

the diameter of hyperboloid varies within relatively wide limits.
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Another characteristic of the system is shown on Fig. 78 which indicates

the slope of the feed system pattern at _o vs d. The increase in the

slope is approximately linear with d. Fig. 79 exhibits the average

variatimu of the main lobe level in the angular range _s _ _ _O vs.

R. The variation (ripples) show a minimum around Ropt. Fig. 80 is the

photograph of a typical K-band feed system.

14.4 V-band Horn with Various H_Derboloids

Fig. 81-85 show similar results for the V-band horn as Fig. 75-79 have

shown for the K-band system, in this system the horn geometry is somewhat

different then in the K-band horn (see Sec. 12.3 and 12.4). Also a little

larger variety of hyperboloids is available.

Fig. 86 and 87 indicates the optimum pattern, which was measured with the

hyperboloid.

The distance of test horn was D = ii feet.

The above geometrical data can be compared with the optimum arrangement

obtained from the far field measurement of the antenna system. (Fig. llgb)

The close agreement between the endresults of the two independent approaches

is more than noticable.

14.5 K-band 4 Horn Cluster

Only a few pattern were taken on this system, because of

mechanical stability in the flexible waveguide circuit.

lack of required
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Fig. 88 shows a highly unsatisfactory pattern of this system (_ hyperbo-

loid, R = 194, _H = 60). The assymetries and large ripples in the main

lobe indicate large errors in the power division and phase between the

horns.

14.6 V-band 4 Horn Cluster at fl 21.6 Kmc/s and f2 = 34 Kmc/s.

In this cluster system the amplitude and phase of the individual horns

can be controlled independently by variable attenuators and phase shifters.

During the available time only the _ = a3° cluster was tested in details.

This system provides a slightly converging wave for the hyperboloids. The

"focal point" of this 4 horn system is appr. 20" from the aperture of

horns along the axis of the feed system. Such a system assures approxi-

mately equal tapering from the individual horns at the edge of hyperboloid,

if the hyperboloid is approximately 20" from the cluster.

Fig. 89 indicates the aperture efficiency and S of such systems vs. R.

Fig. 91 shows the aperture efficiency vs. aperture angle of hyperboloid.

Fig. 92 is the-_,_ curve vs. , and _g. 93 is the T vs.../.-_ plo_

interesting is the _--_(?)/__o and v vs. R. curve for theParticularly

 rboloid (Fig.9h, 95).

The slope is very large and the main lobe shows very small ripples. This

indicates that the converging type near field phase front can be advantageously
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combined by a wide angle hyperboloid to provide almost phase error free

feed system pattern and a relatively high aperture efficiency. Note,

that in the optimum case the aperture efficiency is only about 0.5 db

smaller then in the optimum, horn system.

Fig. 96 shows the pattern of a typical feed system combination. Fig. 97

and 98 show patterns aperture efficiency and supression of hyperboloids

with _ = 90 O and 58 ° respectively at f = 34.4 Kmc/s.

The patterns of 4 horn cluster indicate that it is possible to obtain for

the sum pattern of a four horn system approximately the same aperture

efficiency as for the best single horn system. The importance of this

fact is obvious; it makes potentially possible to use the same feed system

for listening and monopulse operations while sacrifizing only a very

small amount of system gain.

14.? Design Procedure of a Cassegranian T_pe Feed S_stem Usin G the Experimental

Data.

The measured and processed data of the previous sections makes possible

to prepare a design flow diagram for a low noise_ Cassegranian type antenna,

which contains only one fee_nack rou_e. _o_ r_. _Tj

It can be assumed that the input parameters are:

TA_" noise temperature component corresponding to ground radiation;

= required gain of the antenna system;
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aperture angle of paraboloid_

tolerance factor of paraboloid surface;

wide angle side lobe level in the antenna system pattern,

caused by source system spillover radiations and screening

of hyperboloi_

The input parameters on Fig. 99 are in circles. The endresults (the

geometry of the two reflectors) are in double lined rectangulars. Unfor-

tunately it is not possible to obtain the endresults directly from the

input parameters because of the feedback route between _ and D. However

can be determined approximately if an assumption is made for _o

From the results given in the previous sections a diagram can be

constructed for the relationship between a, A and d. (See Fig. I00)

Selecting any three corresponding values on the basis of this diagram _o

will be approximately maximum. The maximum value of _o will be in most

cases O.65_._ .80, therefore the Go = O.72 average value can be selected

as a first approximation in the design flow of Fig. 99. After the more

precise value of a_ A and d is known the second approximation of _o can be

found and the calculation repeated if necessary.

The determination of_ requires some consideration. If _r_ _- _0 ° than

the spillover radiation of feed system practically does not exist for

_ 90° and _ can be selected strictly for optimizing _o .

a diagram can be prepared which sho_mthe relationship between

and _c_h (see Fig. I01).
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In many cases of large antenna design the construction and testing of a

small scale model already provides considerable difficulties. On the

other hand the experimental work on the small scale feed system is

relatively simple. Therefore it is very important to know, to what

extent is it posMhle to extrapolate the antenna system characteristics

from the measured pattern of feed systeL

The preparation of the previous charts for _o_S, _ served partly

for this purpose. As an addition in Fig. 103 a full antenna system

pattern (envelope of sidelobes) is prepared from a typical measured

feed pattern. Fig. 102 indicates the measured feed system pattern

which was used for this calculation. (Fig. 102a is the average of

measured feed system _attern, IO2b is the ripple component on the main

lobe of feed pattern. The far field pattern can be compared and further

discussed by the corresponding pattern measured on the antenna system

(Fig.  ga).

Once the pattern of the antenna system is known the noise temperature

can be calculated not only for vertical antenna position, but as a

function of the elevation angle. Fig. 104 gives an example for this

cal U]J.ti ._,- ...._-_,------__.._-_^- -_ -.......• - I_ ..._.._,..a,, ..A

involves only the integration of the antenna system

pattern, numerical_y the computation is quite tedious. It involves

basically the volume determination of an assymetrical space pattern.

The calculation includes also the effect of atmospheric attenuation.
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THE SECONDARY REFLECTOR

15.1 Selection of Aperture Angle.

The ge_etries of secondary reflectors were determined on the following

basis •

I) One secondary reflector should be the small scale model of the 85'

Golds%one antenna with an aperture angle _p 6 ! o

2) To cover wide range of aperture angles a second reflector should be

selected close to _=_0 °

3) The aperture diameter measured in wavelength should be _aintained

approximately constant while _F is varied.

4) The surface tolerances of these dishes should correspond to the

existing Goldstone antenna.

Some relatively accurate paraboloid reflectors were available as a current

mass produced item within the RCA plant at Montreal. This dish has a

focal distance Fp = 23.63" and an aperture angle _p= 104 °. Utilizing

this available spinning the geometry of the two paraboloids were selected

as Table 4 indicates.

TABLE 4

II
o

I 23.63 56.0 61 34 164 0.O17

2 23.63 120 104 24 240 0.025

To make possible the use of the same spinning (Fp = cons% and _ _ const)

two frequencies were used. The required value of the rms surface deviation

_¢_ was obtained on the assumption, that t = 0.250" for the 85'
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Goldstone paraboloid.
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The effect of these tolerances on n_r

obtained from Fig. 105.

canbe

15.2 Selection of Reflectors

The main problem associated with the secondary reflectors is the proper

value of the rms surface tolerance, t. A parabolic template with __c_

tolerance was constructed and a dish supporting turntable was built.

(See Fig. 106 and 107) 12 dishes from the production line were mounted

on this turntable and the gap between the template and surface of dish

was measured with gap-gauge. 8 points were checked along the parabolic

arc and the dishes were set into 6 angular positions. Consequently a

total of 48 surface points were measured on each dish and the circumfe-

rential, meridian and total rms deviation _c )_n/ _ were calculated

separately. Two of the best dishes were selected and then, by small

deformations of the surface the surface accuracy was improved. After

the surface accuracy reached the required quality the backframes were

attached, using pads between reflector and frame, to avoid any further

deformation.

Table 5 shows the surface deviations of the ac-epted #I Dish, after the

correction of surface was £inished.
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TABLE 5

Absolute value of deviations of #I dish froa paraboloid template.

(In thousands of inches)

0° 60 ° 120 ° 180 ° 240 ° 300 °

5" 1.8 3.2 lO.8 5.2 1.8 6.2

lO" 2.7 20.3 2.3 9.7 2.7 7.7

15" 3.3 8.7 6.7 3.3 5.3 3.3

20. 5.0 1o.o 5.0 15.o 25.0 1o.o

_6" 0.7 8.3 25.7 13.7 23.3 8.3

28" 2.7 3.7 21.3 27.3 23.7 18.7

RXS deviation along the parabolic are: _R = 7.91

P3_ deviation along the r = const lines: _c = 12.27

Total RMS deviation: _ = 14.60_
T

P

The value of_O T deteriorated to ordy

and supporting structure for the hyperboloid was assembled.

= o.o_6.

_= 16.8 T after the backframe

o
-/

Fig. 108 shows the No. I dish (_p - 61 ) with one of the feed systems.

The support of the feed was constructed such a way that both the hyperbo-

loid and horn can be easily adjusted in positions within wide limits. The

horn can be rotated along its axis. The local oscillator is mounted

directly on the output of the horn and is protected by a housing.
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PATTERN MEASUREMENTS ON THE _ SYST_

16.1 Selection of System Parameters for far Field Measurements.

When the antenna gain and front to back ratio are simoultaneously large

the farfield pattern measurement should cover a very wide power range,

The space attenuation, C_S , between transmitter and receiver antenna

further increases the required total dynamic range, therefore

_a is given, however)c_s can be minimized.

received to transmitted signal

where

GT

A_

The power ratio of the

(21)

(22)

(23)

(24)

(25)

"_T_" - aperture efficiency of transmitter antenna,

= aperture efficiency of receiver (measured) antenna,

= diameter of transmitter antenna,

_p = diameter of receiver antenna,

R = distance between the two antenna.

Inserting (23) (24) and (25) into (22)

O_S IT ty}Tvlt},bp b-r_"
= 6-4

c_s is minimum, if J_ff- b'r- b

-ii_- ,%..rl

(26)

(27)
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Assuming the usual aperture efficiencies _T_ = 26

In the V-band the Raytheom klystron delivers _v = JO_

noise level of a superheterodyne receiver with 3 mc/s bandwidth is about

-II

PR = _O W which results in C_T= IO-q-90_b dynamical range. The above

system therefore provides an _^=70_ pattern measuring range. It

has to be noted that pro__=D the given range of O(A is independent

of the gain of the measured antenna assuming that the required distance

= 4-__,,A (28)

is assured.

For the V band model

-2

D_ 165, k =0.872.1on E>,,- -57,-_,tes.

The actual distance was about this value, _v = O.39 mile. The existing

path lenght error is very re,all in this arrangement. This error reduces

°/othe measured gain by _ _ 2 _ •lc:id_ This error is small, however,

it can be taken into account in the gain measurement.

For the K-band model at f = 22 kmc/s, D k

= 1.57 mile, the path length error_K

= 22h, A = 1.36 1o"2 m

= o.2_,A,_, ,'_GK = 18.1% (=-0.73 _)

16.2 Description of Test Set-up.

The far field pattern measurements were performed at the anben_ test _te

of RCA Victor Compar_ (St. Matthieu, Quebec).

The block diagram of the measuring equiument is indicated on Fig. 109.

The tran_,itter and receiver antenna were mounted at 26 and 17 feet above

the ground level at a distance of 2060 feet. The height difference
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(C_t' d)

approximately compensated the slight slope of the ground surface.

Photograp_llO and Iii show the test towers with the antennas.

At the transmitter site a klystron served as the transmitting oscillator.

Once this antenna was aligned and the klystron adjusted no servicing was

required here with the occasional change of antenna polarization. The

transmitter was unattended.

At the receiver site the level of incoming signal was monitored by a horn,

which h_s 30 db gain at f = 3_4 kmc/s. This horn was used at the same

time for relative gain _ measurements.

Two types of receiver systems were used. For analysing the main beam

region and adjusting the antenna a crystal receiver was used. This receiver

results in quite satisfactory stability and about 50 db signal to noise

ratio when the antenna is directed toward the transmitting antenna and the

modulating frequency of tran_itter antenna is accurately tuned to the

selective voltmeter receiver.

During a period of 8 hours 3 db loss in sensitivity was experienced caused

by _ne drift of audio frequency. "- =dditional _ _ _ va._a ÷.__- _

observed when the wind reached 30 miles/hours velocity. The later

variations may decrease the useful measuring range 9 however no measuring

error occurs if the signal of the reference horn is recorded by another

channel of the Sanborn recorder.
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For wide angle radiation measurements a superheterodyne receiver system

was used which increased the sensitivity to about 66 db. In fact using

the integration properties of the recorder when measurements are several

times repeated, the useful range can be extended by another I0 db in

both cases.

The turntable is adjustable to 0.95 rpm or 0.105 rpm. The l_Zer speed

is more satisfactorily taylored to the time constant of the recorder.

As was mentioned previously two test paraboloids were built with

known surface accuracies. In this report only the data measured on the

#I dish will be included.

The single horn and 4 horn V band cluster was used as a source system.

Various hyperboloids were tested as primary reflectors with different

size aparture angle and focal distance.

The axial off axis and angular position of the horn was adjustable in

this set-up. At the same time the axial and angular position of the

primary reflector was variable too. The change of polarization was

pli_hed .......- _ _-"-- "_ _"^ _'^--a_o_ _ _J'l_ A-U_I#J.UAA U_ UAA_ AAVAA_.

The available frequency(34.hkmc/s) resulted in Dp = 163 A for the para-

boloid aparture diameter. This gives Go - 3.49 • I_ (55.3 db) gain for

perfect paraboloid and Go-iT = 3,49 • 105 x 0.677 - 2900 . i_ (53.6 db)

gain for the actual paraboloid. (The M --1.7 db tolerance factor is a
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result of the 17 rms surface tolerance of the paraboloido Since the

Goldstone antenna supposed to be operated with Dp= 206 aparture size,

approximately 1.8 db has to be added to the measured gain figures to

obtain the actual data of the full size antenna at 2388 mc/s.

The gain data were determined by two independant methods:

a) Using the 30 db gain reference horn.

b) Integrating the pattern, taking into account the part which is

between the -50 db points. (Approximately the part of pattern which

is above the level of isotropic radiator.)

The calculated gain values are corrected by the O.I db gain loss, caused

by the path length error between transmitter and receiver antennas.

16.3 Results of measurements.

The maximum gain was obtained by the H8 hyperboloid (see Fig. 112).

Using t_e pattern integration methods the gain of this arrangement is

G = 52.19 db (53.99 db in the case of Goldstcne dish). The gain comparison

methods resulted in 52.10 db value on the measured model. (53.90 db in

the case of Goldstone dish. Tne overaLL measux_in_ _-_j iD _o_._

better than + 0.3 db. The 53.95 + 0.30 db averaged gain with a single

horn system for the Goldstone dish seems to be a good value. However s it

should be noted that the available V-band horn has relatively high side

lobes which can be eliminated in the full size model by using the same

horn design as the X-horn. (Radial fins instead of the parallel fins. )
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It is expected that the use of this horn will further improve the gain.

This improvement may be 0.2 db. It is interesting to compare the

53.95 db gain figure with the corresponding theoretical value. (See

Table 3 in Part 119 page Ii) In this 53.7 db gain is predicted under

item 4, column D. Taking into account the approximate nature of these

calculations and the inaccuracies of the pattern measurements the

agreement is surprisingly good.

In the following a series of far field data of the antenna system is

presented. This series is far from being cumplete, but indicates the

basic effects of the geometrical parameters of the antenna system.

Fig. 112 shows the H plane and _ plane pattern of the optimum antenna

arrangement. It can be seen that the pattern shows a great degree of

axial symmetry close to the main beam, however the wide angle sidelobes

are occupying a wider angular range in the E plane then in the H plane

as a result of not completely satisfactory sidelobes of the horn in this

plane.

Fig. 113 shows in detail the main beam region of a typical antenna

introduce two concepts: PIO " the equivalent be_-idth of a pattern,

which is trunk, ted at the total cone angle I° (within this equivalent

angular _gion the same amount of power is radiated as with__ a cone

with I° beamwidth).
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P 1o = the percentage of power which is radiated between the cone with

1o total angle and the cone which is determined by the 50 db points of

the pattern.

Using these two figures the gain of the antenna

Fig. 114 indicates the pattern envelope of a system which is operated

by the H8 hyperboloid. The region of screening sidelobes and spillover

sidelobes are quite distinctly noticeable.

Fig. 115 shows a typical example for the variation of the beam shape

with the distance between horn and hyperboloid_ The shape of the main

beam is affected by two factors; the amplitude distribution along the

hyperboloid and the phase error in the reflected waves of the hyperboloid.

The diagram shows a definite optimum. This optimum distance is somewhat

smaller than the distance calculated from the geometrical optics. On

the other hand the geometrical focal points of the paraboloids and hyper-

boloids are very close for optium gain operation.

Fig. 116 indicates a very interesting and usefull characteristic of a

practiaal doubi_ _ reflector syst_.

Fig. 116a shows a single paraboloid which is illuminated by a point source,

located in its focal point. Such a system can not be realized exactly.

Fig. l16b represents a practical system in which the paraboloid is illu-

minated by a finite sized source (horn). In this case the horn has to



16. 16.3 (Cont ' d)

be shifted toward the paraboloid to compensate its finite size and a

phase front can be obtained which coincides with the linear phase front

only at poin_ 1 and 2.

Fig. I16c indicates a paraboloid-hyperboloid system in which the byper-

boloid is shifted toward paraboloid and the horn toward the hyperboloid

to obtain higher order phase compensation. The phase front coincides

with the linear phase front at points I, 2, 3 and 4.

Experimental data shows that the gain _ occurs in such arrangement

assuming that the tapering at the edge of hyperboloid is properly

selected.

Fig. 117 represents the variation of the pattern envelope with the size of

hyperboloid, maintaining the distance between the two elements constant.

It can be seen that the spillover sidelobes are increasing rapidly if

the size of hyperboloid is beyond a certain value.

Fig. 118 indicates that an optium hyperboloid size exists for any given

horn. In this figure the aperture efficiency is plotted for three hyper-

boloid sizes. The value of M and K was determined in each case to obtain

gain ..... _--'---- -'- "_ "_ M = I_ I_.

When a larger M is desirable without increasing the size of the hyperbo-

Ioid and horn, M can be increased with some loss of the aperture efficiency.

However in this case not only the aperture efficiency decreases, but

simultaneously the spillover radiation increases (see Fig. 119).
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Figures 120, 121, 122 and 123 give same informatic_ about the positioning

tolerances required in a Cassegranian feed system.

Fig. 120a shows the effect of axial misalignement of the hyperboloid. A

0.6 _ axial misalignment increases the 3 db width of the main lobe from

0.44 o to 0.5_ °.

Fig. 120b indicates the loss of received signal as function of axial

misalignement.

Fig. 121 indicates that the axial misalignment of horn is less critical.

34 axial misalignment causes only 0.2 db reduction in the gain.

Fig. 122 shows the variation of received signal with the oi_axis position

of the horn. This figure contains data about the monopulse or scanning

properties of the feed.

Fig. 123 represents the variation of received signal with the angular

position of hyperboloid. This figure may serve for the proper design

of a quadrupol structure, when the required angular stability of the main

beam is specified.

Fig. 124 indicates the envelope of side lobe level for different quadrupole

structures. The "quadrupoles" were made from perforated metal sheets,

with 0.25" lobe diameter and 40% transparency.
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The noise temperature component caused by ground radiation of the optium

arrangement can be calculated from Fig. 81. According to this figure the

average power level relative to isotropic radiator toward ground is -ll

The noise temperature component TG_f - 6.15 _Kdb and S 4.1%.mm

This quite close]_v agrees with the theoretical value (6°_) and with the

value calculated from feed system measurements (_. I°K).

CONCLUSI ONS

A number of general and particular cor,clusions c_n be made from the experimental

measurements. These can be summarized as follows:

I. The gain: screening and wide angle side lobe characteristics of large Cassegra-

nian systems can be very accurately calculated from the geometrical opticg.

. The noise temperatures of such an antenna can be determined from wave optical

calculations, from integration of measured feed system pattern or from integra-

tion of measured antenna system pattern. The three values agree very closely.

The predicted data can be compared by direct radiometer measurements, however,

such measurement have not been done on Cassegranian systems.

.

of feed system. This may be very useful in a very large antenna system, where

even the construction and testing of a small scale antenna is difficult.

4. A paraboloid with _ _ 206A dia. and a hyperboloid with dh _ 2OA dia can be

combined into a Cassegranian system with 54 db overall gain, T = 10.6 ° K
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antenna noise temperature_
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including all feeder loss.

existing Goldstone antenna with Cassegranian feed.

This data refers to the

@ From Fig. 112 it is possible to extrapolate some of the basic data of the 240'

paraboloid. Here the size of paraboloid diameter is approximately 3 times larger.

This gives 9 db additional gain (63 db). If the size of hyperboloid and dis-

tance between horn and primary reflector is doubled (AA-_- 120 , dh_ _ 40)

without changing the size of horn, then spillover radiation relative to the iso-

tropic source is unchanged (this level will be about -50 db relative to main

lobe) while the -50 db point of the "screening" sidelobes will occur at 1/3 of

the angle where the -41 db point occures in Fig. 112. This gives for the -50 db

point approximately 3° measured from main maximum.
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